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10111121 | fides | 00001 1MM .EaM... 


Fig. 84: 
Z 00 

| Instruction |F [x |V [L [Mm | 

-Lsupu te t+ Te f+ ft 


Be 
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Fig. 85: 


/ 101 
SUBX:G src/EaR,dest/EaM 


110100RR . Ea... 000110MM ee 


SUBX:E src/#ib,dest/EaM- 


Fig. 86: 


|_Instruction [F [x [Vv [L [mM [z | 
Lsupx Te fe fe 
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Fig. 87: 


Fig. 


MUL:R src/RgRw,dest/RgMw 


eae po HoT Ra / 


MUL:G src/EaR,dest/EaM 


103 


MUL:E src/#ib,dest/EaM 


10111111 [eceometbeeee 010000MM 


88: 


a \04 


| Instruction |F |x {V [L [IM {2 | 
es Ce CC 
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Fig. 89: 


MULU:G src/EaR,dest/EaM 


goo 


MULU:E src/#ib,dest/EaM 


Fig. 90: 


[Instruction [F [x [v |t [M [Zz | 
Moby Te Te Te of Te 
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Fig. 91: 


/ 107 
MULX src/EaR,dest/EaMR, tep/RgMR 


GFE ae ee Oe GL 


Fig. 92: 


| Instruction |F |x |v [tL [m [2 | 
| MULX sd * [- Jo | 
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Fig. 93: 


DIV:R src/RgRw,dest/RgMw f log 


aco a EG od 


DIV:G src/EaR,dest/EaM 


DIV:E src/#ib,dest/EaM 


Fig. 94: 


Pasion [FET 


Note 1: In the case of (minimum negative number) + (-1) 






ao / ilo 


ia 






=> See note 1 
=> See note 2 





Note 2 : Division by zero 
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Fig. 95: 


DIVU:G src/EaR,dest/EaM gill 


DIVU:E src/#ib,dest/EaM 


DECUL UNE PECL COE BLU 


Fig. 96: 


DIVU 








yi 


<= Division by zero 
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Fig. 97: 


ys 
DIVX src/EaR,dest/EaMR, tap/RgMR 


eo ee 


Fig. 98: 


instrstion [FF 


Note 1 : M and Z are based on dest. 










=> See note i 
=> See note 2 
=> See note 3 


F can be used for testing tap = 0. 
Note 2 : Overflow in dest. 


Note 3 : Division by zero 
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Fig. 99: 


REM:G src/EaR,dest/EaM ys 


REM:E src/#ib,dest/EaM 


BEC UL ONE DECC Toa Pe 


Fig. 100: 











/ ll6 


<= Division by zero 
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Fig. 101: 


7 
REMU:G src/EaR,dest/EaM f 


REMU:E src/#ib,dest/EaM 


Fig. 102: 








7 lg 





+ |e 
Ble <= Division by zero 
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Fig. 103: 


NEG dest/EaM 


if ts 
ee eae 


Fig. 104: 
v4 120 


| Instruction [F [x |v [u [mM ]z | 
LNEG = fe T+ fe Te Te 
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Fig. 105: 


Yh 
INDEX indexsize/EaR, subscript/EaR2,xreg/RgMR 


PELL PEs. ee We eee 


R Size of xreg and indexsize 
R=0: 32 bits 
R=1 : 64 bits <<Lx>> 


SS Size of subscript 


xreg Address calculation accumulator 


Fig. 106: 
pie2 
| Instruction [F [xX [Vv [L [mM ]z_ 
| INDEX = [= f+ [+ [+ fe 


M and Z are based on xreg. 
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Fig. 107: 


f 123 


AND:R src/RgRw, dest/RgMw 


i Ee 


AND:I erc/#iM,dest/ShM 


ne 


AND:G src/EaR,dest/EaM 


110100RR | tBaRe.. 001000MM . 


AND:E src/#ib,dest/EaM 


10111111 P rtHibee 001000MM 


Fig. 108: 
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Fig. 109: 


OR:R src/RgRw,dest/RgMw 


Ew Ae 


OR:1 src/#iM,dest/ShM 


sane Ea 


OR:G src/EaR,dest/EaM 


110100RR ioe 001001MM 


OR:E src/#ib,dest/EaM 


[nea 


i 
oN 
5 


Fig. 110: 










ufo [a 
= f+ fe | 





M_flag RO 
Z_filag {RO to d-1} = 0 


\ I26 





U.S. Patent Apr. 6, 1993 Sheet 53 of 213 5,201,039 


Fig. 111: 


XOR:R src/RgRw,dest/RgMw f a7 


aA Rl 


XOR:I src/#iM,dest/ShM 


Lee 


XOR:G src/EaR,dest/EaM 


110100RR | seEaR... | 001010MM 


XOR:E src/#ib,dest/EaM 


10111111 | efi. | 001010MM 


Fig. 112: 


yo 


M_flag RO : 
zZ_flag [RO to d-1] = 0 





+ 
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Fig. 113: 


NOT dest/EaM 


729 


Fig. 114: 
Far!) 


[instruction [JF [x ]v [L | 
peor J - - 


ile 
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Fig. 115: 
j= 


SHA:Q count/#3c,dest/ShM (Right shift, count < 0) 


Kio 


SHA:G count/EaR,dest/EaM 


SHA:E count/#ib,dest/EaM 


Le Le 


Fig. 116: 
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Fig. 117: 
f 133 
X_flag dest 
_— <— 0 
MSB LSB 
Fig. 118: 
yi 
S: Sign bit 
dest X_flag 
— 


MSB LSB 


U.S. Patent Apr. 6, 1993 Sheet 57 of 213 5,201,039 


Fig. 119: 


SHL:Q count/#3n,dest/ShM (Left shift, count > 0) 


SHL:C count/#3c,dest/ShM (Right shift, count < 0) 


SHL:G count/EaR,dest/EaM 


Y ata 


SHL:E count/#ib,dest/EaM 


10111111 | srbibee. | 001100MM 


Fig. 120: 
36 
[instruction [Fx Jv JL M2] ~ 
PSHL fe d+ de de d+ I 
Fig. 121: 
137 
X_flag dest f 
at) ES 
MSB LSB 
Fig. 122: 
7s 
dest X_flag 


U.S. Patent Apr. 6, 1993 


Sheet 58 of 213 5,201,039 


Fig. 123: 


ROT:G count/EaR,dest/EaM 


ROT:E count/#ib,dest/EaM 


10111111 itiawee 001110MM 


ir 
a 
v0) 


Fig. 124: 


Fig. 125: 


gy il 


tte [et 


MSB LSB 


Fig. 126: 


 \42 


LC et Ly 


MSB LSB 


U.S. Patent Apr. 6, 1993 Sheet 59 of 213 5,201,039 


Fig. 127: 


SHXL dest/EaMX S 143 


Fig. 128: 


Fig. 129: 


X_flag dest 
— 


MSB use 
46. 45 147 
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Fig. 130: 


48 
SHXR dest/EaMX a“ 


Fig. 131: 
a |I%9 
| Instruction |F [x |v [L [m [2 | 
| SHXR f= [+ Je fe [+ Te 
Fig. 132: 
a ISO 


ell a - eT 
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Fig 133: 


f iS! 


RVBY src/EaR,dest/EawW 


Fig. 134: 


Vinstruction JF [xv ui] ~~ 
LRvey fe Je fe Je I 
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Fig. 135: 


Pa 
RVBI src/EaR,dest/EaW 


Fig. 136: 


instruction JF Xv [baz] ~~ '4 
i) a CNC Oa ce 
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Fig. 137: 
Pa 
base Bit to be operated 
byte 
address: n ntl nt+2 n+3 
offset: -1012345678 15 16 23 24 
| { 
\———————__ offset, — 
MSB<— LSB MSB LSB MSB ——> LSB 
Fig. 138: 
Register to Memory to 
be operated be operated 
Access size .B "OK OK 
Access size .H OK OK <<L2>> 
Access size .W OK OK <<L2>> 
Access size .L <<LX>> <<LX>> 





All the access size in assembler defaults to ’.B’. 


Ww 156 


U.S. Patent Apr. 6, 1993 Sheet 64 of 213 5,201,039 
Fig. 139: 
/ 157 
BTST:Q offset/#3z,base/ShRfq 


Fig. 


Pie elec 


BIST:G offset/EaR,base/EaRF 


BIST:E offset/#ib, base/EaRf 


BB: Specify the bit size to be read. 


140: 
| Instruction |F {x |v |L [mM {2 | 
BTST l- j- [- |- |[- |+ |Z indicates the test result. 


a 
© 
‘ 
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Fig. 141: 
i>? 
BSET:Q offset/#3z,base/ShMfq 


EUR hoe Dallas 


BSET:G offset/EaR,base/EaMf 


110100RR | etEaRee, | 101100BB 


BSET:E offset/#ib,base/EaMf 


BB: Specify the bit size where the read-modify-write operation 
is perforped. 


Fig. 142: 
Pa 160 
| Instruction |F [Xx [V |L [M [2 | 
| BSET ——‘ [= _[- [- [- [- [+ |2 indicates the test result. 
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Fig. 143: 


f 16! 


BCLR:Q offset/#3z,base/ShMfg 


Pr Kec el ia Pi 


BCLR:G offset/EaR,base/EaMf 


BCLR:E offset/#ib,base/EaMf 


BB: Specify the bit size where the read-aodify-write operation 
is performed. , 


Fig. 144: 


Cinstrection FTE IE] 
- {- [- J- [- [+ ]2 indicates the test result. 


1627 
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Fig. 145: 


f 163 
BNOT:G offset/EaR,base/EaMf 


BNOT:E offset/#ib,base/EaMf 


BB: Specify the bit size where the read-modify-write operation 


is performed. 


Fig. 146: 
Ya 
iM 


| Instruction |F [x |v |L [mM |Z | 
i as a Oe oe ee Oe 


Z indicates the test result. 


1s performed. 
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Fig. 147: 


i65 
BSCH data/EaR,offset/EaM f 


data 


RR 


offset 


Fig. 148: 


Data to be searched. Since data does not exceed the 
word boundary, only the data in the address is 
accessed. 

Size of data. RR = 00,01 is defined in <<L2>> 

bit offset which starts the search operation and 
returns the result of the search operation 

Size of offset 

Bit value to be searched 

d=0: Search '0' (/0). 

d=1: Search °1’ (/1). 

The direction of search operation 

b=0: The direction where the bit number increases (/F). 


b=1: The direction where the bit number decreases (/B). 


766 


| Instruction [F [x [v JL [m Jz | 
| BSCH 


BSCH 


V indicates the search operation is unsuccessful. 
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Fig. 149: 
rgd 
base Related bit field 
| 1<—— width —1! 
byte aca eee ee cee) oreo | 
address: n n+1 | n+2 1 | n+3 
offset:-1012345678 15 16 23 24 


| | 
'¢—_———_ offset ——_—_—_———> | 


MSB<— LSB MSB LSB MSB — >LSB 


U.S. Patent Apr. 6, 1993 


Fig. 150 (a): 


BFINS:G:1.W #src{.BHWL); 
BFINS:G:R.W Rs[.W], 
BFINS:G:I.L #src[{.BHWL), 
BFINS:G:R.L Rs[.L}, 
BFINS:E:1.W #src[.BHWL], 
BFINS:E:R.W Rs[.W}, 
BFINS:E:1.L #src{.BHWL], 


BFINS:E:R.L Rs[.L], 


BFINSU:G:].W farc[.BHWL), 
BFINSU:G:R.W Rs[.W), 
BFINSU:G:1.L #src[.BHWL], 
BFINSU:G:R.L Rs[{.L], 
BFINSU:E:1.W #src[{.BHWL], 
BFINSU:E:R.W Rs[.W], 
BFINSU:E:1.L #src[.BHWL], 


BFINSU:E:R.L Rs[.L), 


BFCMP:G:1.W #src{ .BHWL), 
BFCMP:G:R.W Rs[.W], 
BFCMP:G:1.L #sre[.BHWL], 
BFCMP:G:R.L Rs[.L}, 
BFCMP:E:1.W #src[.BHWL], 
BFCMP:E:R.W Rs[.W], 


BFCMP:E:1.L #src[{.BHWL), 


Sheet 70 of 213 5,201,039 


Yaa 
offset[.BHWL], width[{.W], base[.W] 
offset[.BHWL], width[{.W]), base[.W] 
offset[.BHWL), width[{.L], base[.L] 
offset[.BHWL], width[.L], base{.L] 


foffset, #width, base[.W] 
foffset, #width, base[.W] 
#offset, #width, base[.L) 
foffset, #width, — base{.L] 


offset[.BHWL], width{.W], base[.W] 
offset[.BHWL], width[.W], base[.W] 
offset[.BHWL], width[.L], base[.L] 


offset[.BHWL], width[.L), base[.L] 


foffset, #width, base[.W] 
foffset, #width, base[.W] 
foffset, #width, base[.L] 
foffset, #width, base[.L] 


offset(.BHWL], width{.W], base[.W] 
offset[.BHWL], width[.W], base[.W) 
offset[.BHWL), width[{.L], base[.L] 


offset[.BHWL}, width[.L], base[.L] 


foffset, #width, base[ .W] 
#offset, #width, base[.¥] 
foffset, awidth, base[.L] 
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Fig. 150 (b): 68 


BFCMP:E:R.L Rs[.L], #offset, twidth, base[.L] 


BFCMPU:G:1.W #src[.BHWL), offset[.BHWL], width[{.W], base[.W) 
BFCMPU:G:R.W Rs[.W], offset[.BHWL], width[{.W], base[.W] 
BFCMPU:G:1.L #src{.BHWL], offset[.BHWL], width[{.L], basef.L] 
BFCMPU:G:R.L Rs[.L), offset{.BHWL], width[{.L], base[.L] 
BFCMPU:E:1.W #src[.BHWL], #offset, #width, base[.W] 
BFCMPU:E:R.W Rel .W], #offset, Awidth, base[.W] 
BFCMPU:E:1I.L #src[.BHWL], #offset, #width, base[.L] 
BFCMPU:E:R.L Rs{.L], #offset, dwidth, base[.L} 
BFEXT:G.W offset{.BHWL], width[{.W], base[.W], Rd[{.W) 
BFEXT:G.L offset[.BHWL], width{.L], base[{.L}, Rd[{.L] 
BFEXT:E.W foffset, #width, base[.W], Rd{.W] 
BFEXT:E.L foffset, #width, base[.L], Rd[.L} 
BFEXTU:G.W offset[.BHWL], width[.W], base[.W]), Rd[.W) 
BFEXTU:G.L offset[.BHWL], width[.L}, base[.L), Rd[{.L] 
BFEXTU:E.W #offset, #width, base[.W), Rd[.W) 
BFEXTU:E.L foffset, #width, base[.L}, Rd{.L] 
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Fig. 151: 
169 
f 


BFEXT:G offset/EaR,width/RRXw, base/EaRbf ,dest/RWXd 


110100RR [ EAR... ..EaRbf . -- 


BFEXT:E offset/#ib,width/#6n, base/EaRbf ,dest/RWXd 


GULL ec es 
ETS 


Fig. 152: 
/ {70 
(Linstruction [F [x ]v JL [M [2 | 
BFEXT_—_—«dd-_|- |+ [- [+ |e | 
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Fig. 153: 


f 17] 
BFEXTU:G offset/EaR, width/RRXw, base/EaRbf ,dest/RWXd 


RRL oo BCA CO 
EE 


BFEXTU:E of fset/#ib,width/#6n, base/EaRbf ,dest/RWid 


EE 


Fig. 154: 
pit 


| Instruction [F [x |v JL [M [2 | 
-Brextu fe [- Je [= Te Te 
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ye 
BFINS:G:R src/RRXs,offset/EaR, width/RRXw, base/EaMbf 


arora | a ; 
Ga Luce eal bead Bac 


BFINS:G:1 src/#iS8,offset/EaR ,width/RRXw, base/EaMbf 


110100RR Ly eeeeReee ss 110110+X . .EaMbf. 


me 
~ 
f=) 
So 
= 
o 
+ 

~ 


w 
> | 
od 
z 
w 
iu] 
_ 


src/#iS8 ,offset/#ib,width/#6n, base/EaMbf 


10111111 .-EaMbf. ~ 


Fig. 156: 


| Instruction |F |x jv |L iM [2 | 
Ee Ee Ce oe 


wlt4 | 
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Fig. 157: 


BFINSU:G:R src/RRXs,offset/EaR,width/RRXw, base/EaMbf 


WEL ae Be oe 
died a 


erc/#iS8,offset/EaR,width/RRXw, base/EaMbf 


110100RR ) ebay «li 110111+X 


BFINSU:E:R src/RRXs,offset/#ib,width/#6n, base/EaMbf 


10111111 


w 
i] 
bem 
z 
n 
Cc 
qi 
a 


SeCLoU 
a 


src/#iS8 offset/#ib,width/#6n, base/EaMbf 


10111111 oe 1103114X 


w 
“1 
— 
=z 
Mm 
c 
Lc | 
— 


a 
3 


Fig. 158: 
| Instruction |F [x |v | |M [Zz | 
| BFINsU ST J- |- f+ [- [+ [+ | 
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Fig. 159: 


yee 


BFCMP:G:R serc/RRXs,offset/EaR,width/RRXw, base/EaMbf 


ee ee 
EE 


BFCMP:G:1 src/#iS8,offset/EaR ,width/RRXw, base/EaRbf 


110100RR [se EaRe es 110100+X .EaRbf. a 


BFCMP:E:R src/RRXs,offset/#ib,width/#6n, base/EaRbf 


WE DSC DE 
ae ee 


BFCMP:E:1 serc/#iS8,offset/#ib,width/#6n,base/EaRbf 


10111111 | teBibeee | 110100+x » -EaRbf. 


Fig. 160: 
, 78 
| Instruction |F [x [v [L |m [z | 
BFCMP - [- [- [+ fe [+ | 
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Fig. 161: 


179 
BFCMPU:G:R src/RRXs,offset/EaR,width/RRXw, base/Eakbf 


ee ee ee 
ELSE 


BFCMPU:G:I src/#iS8,offset/EaR,width/RRXw, base/EaRbf 


110100RR |v eEaR... 110101+X . EaRbf. zs 


BFCMPU:E:R src/RRXs,offset/#ib,width/#6n, base/EaRbf 


ties] So00Ts [anor] 
[Goel od bea coe 


BFCMPU:E:1 src/#iS8,offset/#ib,width/#6n,base/EaRbf 


o#ib... 110101+X | +eEaRbE. : 


Fig. 162: 
8 7” |80 
| Instruction |F [x |v [L [M [z | 
BFCMPU i Ee ee 
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Fig. 163 


(a): 


ig! 
BVSCH | VA 


sooner [TENT 


X Size of offset (R1) and width (R2) 


Xx 


X 


= 0: 32 bits 


= 1: 64 bits <<Lx>> 


d Bit value to be searched 


d 
d 


= 0: Search '0’ (/0) 
= 1: Search ’1’ (/1) 


b Search direction 


b 
b 


= 0: Direction of the increasing bit number (/F). 


= 1: Direction of the decreasing bit number (/B). 


Parapeters for register 


RO: 


R1: 


R2: 


base address 

offset 

Read-modify-write operand. Search start-offset as a 
parameter and result-offset as a return parameter are 
contained. Until the bit of the value specified by d is 
searched, offset exceeds the word boundary. When the 
instruction is suspended, the current searching offset is 
contained. (negative available) 

width 

Bit field length which searches offset (number of bits). 


Although width (R2) is treated as a signed nusber, if 
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Fig. 163 (b): sisi 


width < 0, only the V_flag is set and the instruction is 


terminated. 


An EIT does not occur. 


Fig. 164:. ge 


| Instruction {F {x |v |L [M [2 | 
| BvSCH fe fe [fe fe Je 


V indicates the search operation is unsuccessfully terminated. 
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Fig. 165: 


BVMAP 


f° 


X Size of src offset (R1), src width (R2), dest offset (R4) 


P 


Q 
b 


X 


X 


P 


P 


0: 32 bits 


1: 64 bits <<LX>> 


bit option for src 


bit option for dest 


Operation direction 


b 
b 


= 0: Direction of increasesing bit number (/F) . 


1: Direction of decreasesing bit number (/B) 


Parameters for Register 


RO: 


Rl: 


R2: 


R3: 


R4: 


R5: 


base address of src bit field 

offset of src bit field 

Treated as a signed number (negative available). 

width 

bitfield length to be operated (number of bits) 

Although width (R2) is treated as a signed number, if 
width < 0, the instruction is terminated without any 
operation. An EIT does not occur. 

base address of dest bit field 

offset of dest bit field 

Treated as a signed number (negative available). 

Type of operation 


Lower 4 bits are used. 
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Fig. 166: 


instruction [Fx ]v tye yz) 7/84 
iT ea ae Cs a Ce So 


The result of the operation is assured with /B and /F. 


e577 


U.S. Patent Apr. 6, 1993 Sheet 82 of 213 5,201,039 





Fig. 168: 
sve 
The length from base to offset for dest is smal). 
—_———_—— —+—_—— eH 
] src 
gyspeses GESE Foc ee 
—+—_—_ $$ —- 





The result of the operation is assured with /F.. 
The result of the operation is not assured with /B. 


Page fault may cause the result to change. 


Fig. 169: 


/ 187 


The length from base to offset for dest is large. 


St —4-4--t 4-444 tt ee ee or 
ee 


The result of the operation is assured with /B. 
However, it is defined in <<L2>>. 
The result of the operation is not assured with /F. 


Page fault may cause the result to change. 
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Fig. 170: 


gr 


BVCPY 


sr ELLA 


X Size of sre offset(R1), src width (R2), and dest offset (R4) 


Xx 
Xx 
P 


P 


= 0: 32 bits 
= 1: 64 bits <<LXx>> 
bit option for src 


bit option for dest 


Operation direction 


b 
b 


= 0: Direction of increasing bit number (/F) 


= 1: Direction of decreasing bit number (/B) 


Parameters for Register 


RO: 
Ri: 


.R2: 


R3: 
R4: 


base address of src bit field 
offset of sre bit field 
Treated as a signed number 


width 


bitfield length to be operated (number of bits) 


Although width(R2) is treated as a signed nuaber, if width 
«< 0, the instruction is terminated without any operation. 
An EIT does not occur. 

base address of dest bit field 

offset of dest bit field 


Treated as a signed number 
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Fig. 171: 


| Instruction [F [x |v [i [M | 
[BycPy fe Ie EE 


Fig. 172: 
BVPAT 


irae Dene I90 


X Size of pattern (RO), width (R2), and dest offset (R4) 


[2] ~ |89 
=] 


X= 0: 32 bits 


X= 1: 64 bits <<Lx>> 


P P bit option for dest 


Parameters for register 

RO: pattern 

Rl: Not used 

R2: width 
Length of bitfield to be operated (number of bits) 
Although width (R2) is treated as a signed number, if the 
width < 0, the instruction is completed without any 
operation. 
An EIT does not occur. 

R3: base address of dest bit field 

R4: offset of dest bit field 
It is treated as a signed nupber. 

R5: Type of operation 
The lower 4 bits are used. Common with the BVMAP 


instruction 
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Fig. 173: 


"a 
| Instruction |F |X {Vv {L [M |Z | 
| BYPAT fe ie fe ee Se 


Fig. 174: 


ADDDX:G src/EaR,dest/EaM 


give 


ADDDX: E src/#ib,dest/EaM 


ee 


Fig. 175: 


| Instruction |F |x [Vv [L [M |Z 
es 
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Fig. 176: 


yer 
SUBDX:G src/EaR,dest/EaM 


SUBDX:E src/#ib,dest/EaM 


PEE DEC UIT  D 


Fig. 177: 
; v7 l95 
| Instruction [F [x [V [L [M [2 | 
‘{suppx f= f+ [+ [+ [+ Je | 
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Fig. 178: 


f 196 
PACKss” src/EaR,dest/EaW 


Fig. 179: 


| Instruction |F |x |v |L [m [2 | 
[ packss = I~ J- f= Je fe | 
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Fig. 180: 198 
f 


UNPKss src/EaR,dest/EaW,adj/#iW 


et ee hee ee las 


Fig. 181: 


199 
[instruction [FX [v [tw [2] 
unPkes_|- - J- 1- J- 1-1 
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Fig. 182: 
UNPKBH src[.B),dest[.H),adj[.H] fo 

RR=00, WW=01 tmp composes of 16 bits 

0 ==> tap[00:15), 
src[00:03} ==> tmp{04:07]), 
src[04:07) ==> tmp[12:15), 
tmp + adj ==> dest 

UNPKHW src[.H),dest[.W],adj[.W] <<L2>> 

RR=01, WW=10 tmp composes of 32 bits 

O ==> tap[00:31}, 
src[00:03] ==> tmp{04:07), 
src[04:07) ==> tmp[12:15), 
src[08:11] ==> tmp[20:23], 
srco[12:15) ==> tmp[28:31]), 
tep + adj ==> dest 

UNPKBW src[.B),dest[.W),adj[.W] 

RR=00 , WW=10 O ==> tap{00:31], 
src[00:03) ==> tmp{[12:15), 
src(04:07) ==> tmp[28:31], 
tmp + adj ==> dest 

UNPKWL src[.W),dest{.L],adj[.L] «<LX>> 


UNPKHL src[.H),dest[{.L],adj[.L] <<LX>> 
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Fig. 183: 
<R3 LTU less than (unsigned) 0000 
2R3 GEU greater or equal (unsigned) 0001 
=R3 EQ equal 0010 
#R3 NE not equal 0011 
201 ~& . 

<R3 LT less than (signed) 0100 
2R3 GE greater or equal (signed) 0101 
none N never (or no option) 0110 
- - reserved {RIE} 011) 
- ~ reserved {RIE} <<L2>> 1XXX 





ae 
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Fig. 184: 
SMOV £ 203 
O0eeeeSS 1110P1Qb 
P P bit option for src 
Q P bit option for dest 
ss Size of the element and termination conditions (R3 and R4) 
b Direction of operation 


b= 0: Copy the string in the direction the 
address increases (/F). 

b= 1: Copy the string in the direction the 
address decreases (/B) 


eeee Termination condition of the string instruction 


Parameters for register 
RO: Start address of src string 
Rl: Start address of dest string 
R2: Length of string and amount of data 
“RB: Comparison value of termination condition (1) 
R4: Comparison value of termination condition (2) (ATOM does 


not use this parameter.) 


Fig. 185: 


[ Instruction |F [x |v |L IM 12 | 204 
Psmove* fe d* te * fe 
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Fig. 


186: 
SCMP 
O0eeeeSS 1110P0Qb f 205 
P P bit option for srcl 
Q P bit option for src2 
ss Size of the element and termination conditions (R3 and 
R4) 
b Direction of operation 


b= 0: Compare the string in the direction the 
address increases (/F). 

b= 1: Compare the string in the direction the 
address decreases (/B). 


eeee String instruction termination condition 


Parameter for register 

RO: Start address of srcl string 

Rl: Start address of src2 string 

R2: Length of string and amount of data 

R3: Comparison value of termination condition (1) 

R4: Comparison value of termination condition (2) (ATOM does 


not use this option.) 
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Fig. 1 


87: 


M12 | 4 206 


F [x [vf 
| Scmp* fe fe Je Te Te 





Fig. 188: 
Y gos 
[ SCMP termination causes ] [ flags ] 
Length Not Termination V 2Z2 L FM 


gatched condition x 


SSS SSS a SSAA 


x 


X 


Xx 


0 


Xx O(srcl=srce2) 0 1 0 1 +A 
oO X(srel) 0 o # 0 0+ 
) O(src1) 0 0 *€ 1 8B 
x x 1 1 0 0 O+ 


SS 


tA; 


sB: 


*C: 


indicates the termination causes are satisfied. 
indicates the termination causes are not satisfied. 
indicates the status is obtained by the rule rather than 
the flag’s meaning. 

Depends on the termination condition srcl = src2. 
Depends on the termination condition of srcl. 


Depends on src] ¢ src2 or src2 < srcl. 


Although the /B option is defined in <<L2>>, ATOM supports it. 
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Fig. 189: 
SSCH as 
P P bit option for src 
ss Size of the element and termination conditions {R3 and 


R4) 
eeee String instruction termination condition 


r Pointer update method 


r = 0: Increpent only by the element size (/F). 
r= 1: Specify the increment/decrement value by register 


R5 {/R). 


Parameters for register 

RO: Start address of src string 

Rl: Not used 

R2: Length of string and agsount of data 

R3: Comparison value of termination condition (1) 
R4: Comparison value of termination condition (2) 


RS: Pointer update value {in the case of /R option) 


Fig. 190: 


a 209 


| Instruction [F [x [Vv [i [M [Z| 
| SScH OT f* fe fe fe 


V indicates the search is unsuccessfully terminated. 
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Fig. 191: 


210 
SSTR A 
P P bit option for dest 


ss Size of data to be written (R3) 


Parameter for register 

RO: Not used 

Rl: Start address of dest string 

R2: String length and amount of data 


R3: Data to be written 


Fig. 192: 


fas 


| Instruction [F [x [v [t [m [z ] 
SSTR feats eae Coe Es 
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Fig. 193: 


pre 
QINS entry/EaMgP, queve/EaMgP2 


Fig. 194: 


a 23 


Fig. 195: yaa 
address_of_queue ==> mea[address_of_entry]) ==> temp1 
mens[address_of_queue + 4} ==> men[address_of_entry +4} ==>temp2 
address_of_entry ==> men[men|address_of_queve + 4]] 
address_of_entry ==> men{address_of_ queue +4] 
if (templ = temp2) then 

1 ==> Z flag 
else 

==> Z_flag 


endif 
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Fig. 196: 
entry r 
queue 
Fig. 197: 216 
f 


| “SE eet 
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Fig. 198: 


QDEL queue/EaRgP,dest /Eaw!S Lf 217 


Fig. 199: 


2s 2i8 
[instruction [F [x |v Jc [m [Z| 
QDEL ao De Le Ea 
Fig. 200: 
men[address_of_queue] ==> successor 219 


if(address_of_queve successor) then 


else 


endif 


1 ==> Vflag 


~= 


==> Z_ flag 


successor ==> dest 

men[successor] ==> pen[{address_of_queue] ==> templ 
address_of_queve ==> mem[{men[successor] + 4] ==> temp2 
if (templ = temp2) then 


O ==> V_flag 


1 ==> Z_flag 
else 

0 ==> V_flag 

O ==> Z_flag 
endif 
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Fig. 201: 
220 
f 
queue ; = 
Fig. 202: . 
22! 
dest successor f | 
——» 
queue 


T4 | 


wae 
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Fig. 203 (a): 


ae [22 


P P bit option in queue area 
Ss Comparison termination conditions (R3, R4) and search 


data size 


eeee Comparison termination conditions (same as the string 


instruction termination conditions) 


 ] Presence/absence of mask 
m= 0 Not pask R6 (/NM). 
m= 1] Mask R6 (/MR). 

b Search direction 
b= 0 Forward (/F) 


b = 1 Backward (/B) 


RO Address of the queue_entry that the search operation starts 
with. First, enter the content of the queue head = first 
queve address. 

Rl Used as a return parameter. Upon cospletion of the 
instruction, the address of the queve_entry just before it 


is stored. 
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Fig. 203 (b): | fre 


R2 Queve end address 
R3 Comparison value (1) 
R4 Comparison value (2) 
R5 Offset of search data being entered 
Offset from the link address of the member being searches 
R6 Mask (when mw = 1) 
RO, R2, and R3 (options), R4 (option), and R5 and R6 (options) 
should be set, while the results are stored in RO and Rl. The 


continuous search operation is available. 


Fig. 204: 
Sf 223 


| Instruction [F [x |v [L [M [2 | 
QSCH Ea Goo COR a a 


V indicates that the search operation is unsuccessfully 


completed. 
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Fig. 205 (a): 


while (1) do Y fo 
RO ==> R1 
if b=0 then 
men[RO} ==> RO 
/* Search the queue along the forward link. */ 
else 
mem{[RO+4] ==> RO 
/* Search the queve along the backward link. */ 
if(RO = R2) then 
1 ==> V_flag 
0 ==> M_flag 
0 ==> F flag 
exit 
/* Unsuccessfully terminate the search operation. */ 
endif 
if m=0 then 
compare men[RO+R5] with R3, R4 


and set F_flag, M_flag according to eeee 
/* If the termination condition is satisfied, F_flag 


is set to 1. %/ 
else 
compare (mem[RO+R5] & R6) with R3, R4 


and set F_flag, M_flag according to eeee 
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Fig. 205 (b): , a 


/* If the termination condition is satisfied, F_flag 
is set to 1. */ 
endif 
if (F_flag = 1) then 
O ==> V_flag 
exit 
/* Successfully terminate the search operation. */ 
endif 


check_iriterrupt 


end while 
Fig. 206: 
RO 
R2 f 225 


Po CEPR CES 
ra 


a a a 


i 


fs 
key :‘Data being sedrched’ 
Queue which satisfies the conditions 
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Fig. 207: 
| hei 


aa § 


key :'Data being seArched’ ; : : 
Queue which satisfies the conditions 
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Fig. 208 


227 
BRA:D newpc/#d8 f 


BRA:G newpc/#dS 


Fig. 209: 


Instruction 
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Fig. 210: 


yor 
Bec:D newpc/#d8 


Bec:G newpc/#dS 


cece : Specify the conditions 


Fig. 211: 
Vax) 


x [Vv |b [Mm Jz | 
ia Ee Ee Ea 
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Fig. 212: 
Mnemonic Meaning Condition cccc 
xs X_flag set Xx 0000 
23IN, XC X_flag clear “Xx 0001 frre 
EQ equal / Z_flag set Zz 0010 
NE not equal /Z_flag clear “Z 0011 
LT less than / L_flag set L 0100 
GE greater or equal / L_flag clear “L 0101 
LE less or equal L+Z 0110 
GT greater than “L*#~2 0111 
vs V_flag set Vv —-:1000 
vc V_flag clear “Vv 1001 
MS minus / M_flag set M 1010 
MC plus / M_flag clear “M 1011 
FS F_flag set F 1100 
FC F_flag clear “F 1101 
{RIE} 1110 
{RIE) 1111 


eRe Pr -P P 


If the undefined conditions are specified in Bcc, an RIE 


occurs. 
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Fig. 213: 


BSR:D /#d8 
newpc / 233 


BSR:G newpc/#dS 


Fig. 214: 


| Instruction |F {x |v {L |M |z | 
coal a Ca oa a 
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Fig. 215: 


JMP newpc/EaA fers 


10000010 . Ead... 


Fig. 216: 
236 
f 


[instruction [JF [xX JV JL JM [2 
PoP I-11) 
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Fig. 217: 


JSR newpc/EaA yest 


Fig. 218: 238 
f 


| Instruction [F |x [v [L [Mm [2 | 
re fod Ee (ee oe 
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Fig. 219: 


£239 
ACB:Q #1,xreg/ReMw, limit/#6n,newpc/#dS8 


RELA Goa od 


ACB:R #1,xreg/RgMw, limit/RgRw,newpc/#dS8 


alone Wade a Li 


ACB:G step/EaR,xreg/RgMX, limit /EaRX, newpc/#dS8 


Wes De EU 
PIE ie el LIOR 


ACB:E step/#ib,xreg/RgMX, limit/EaRX,newpc/#dS8 


Fig. 220: . £240 


| Instruction [F |x [v [JL [mM Jz] 
pac EE I EE 
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Fig. 221: 


241 
4 


SCB:Q #1,xreg/RgMw, limit/#6z,newpc/#dS8 


ee PE 


SCB:R #1,xreg/RgMw, limit/RgRw, newpc/#dSB 


Pointers 
iio a Bee ad oad eo eae 
Peres 


SCB:G step/EaR,xreg/RgMX, limit/EaRX ,newpc/#dS8 


Fig. 222: 
7242 
[instruction [F [x [V [LN [2 | 
recs T- - FE -1 
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Fig. 223: 


ges 


ENTER:E local/#ib,reglist/LnXxL 


ee ee 


ENTER:G local/EaR!M,reglist/LnxL 


eevee eLNXLe ceca 








Fig. 224: 


Cinstruction [FX ] 
Venter __-f- [- 


Fig. 225: 


245 
MSB<— f —>LSB 


012 3 4 5 6 7| 8 9 10 11 12 13 14 15 
= = R13 R12 R11 R10 R9 R8IR7 R6 RS R4 R3 R2 R1 RO 


LnXL is located after the EaR extended portion. 











Bit position 


Register 
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Fig. 226: 


246 
EXITD:E reglist/LxXL,adjsp/#ib - 


pave ee ee 


EXITD:G reglist/LxXL,adjsp/EaR!M 





see ee LXXL. cea ‘ 
Fig. 227: 
per 
[instroction [F [Xv [LW [2] 
Pex —-J- }- |- F- I-1 
Fig. 228: 
fr 


— LSB 


MSBC— © 
RO R1 R2 RB R4 RS RG R7IRS RO R1O R11 Ri2 Ri = = 


LxXL is located after the EaR extended portion. 










Bit position 


Register 
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Fig. 229: 


RTS ferns 


00101011 1101P110 


Fig. 230: 


VA 
[instruction [F [x JV JL [w [2 
pers Ie 
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Fig. 231: 


NOP 
ce RCL ala 


Fig. 232: 
252 


| Instruction [F [x [v Jt [Mz | 
a Co ee 


5,201,039 
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Fig. 233: 


PIB 


00001011 | -1101P110 a-253 


Fig. 234: 
| Instruction [F [x [Vv ]L |M |z ] #254 
2 oe ee ee 


5,201,039 
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Fig. 235: 


255 
BSETI:Q offset/#3z,base/ShMfqi 


BSETI:G offset/EaR, base/EaMf i 


110100RR | crEaRee. | 101000BB 


BSETI:E offset/#ib, base/EaMf i 


BB: Specify the size for the read-rpodify-write operation. 


Instruction 


eles 
ae 


Z indicates the test result. 
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Fig. 237: 


| ils 
BCLRI:G offset/EaR,base/EaMfi 


BCLRI:E offset/#ib,base/EaMfi 


BB: Specify the size for the read-modify-write operation. 


Fig. 238: 
7258 


| Instruction |F [x [Vv [L [M [z | 
oe Ce a a Cl a 


Z indicates the test result. 


Sheet 120 of 213 5,201,039 


U.S. Patent Apr. 6, 1993 


Fig. 239: 


Yd 
CSI comp/RMC,update/EaR,dest/EaMiR 


WEL Ac Oe lee 


RR: Size for comp, dest and update 


Fig. 240: 


260 
[Instruction [F [x |v [L [Mz ]7~ 
poss fe [Je Ee Ee Te 


Z indicates that the update operation is successfully 


terminated. 
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Fig. 241: 


f 26! 
LDC:G src/EaR,dest/EawW% 


LDC:E src/#ib,dest/EawW% 


Fig. 242: 
gcse 
L 


Fx |v [ou [mM [2 | 
BIBI © If dest is PSW 
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Fig. 243: 


Fe 
STC src/EaR%,dest/EaW 


Fig. 244: 


| Instruction |F [x [v [Lt [m [2 | 
eae Ee Ee ba ES a Ee 


STC 


Sheet 123 of 213 5,201,039 
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Fig. 245: 


265 
LDPSB_ src/EaRh fo 


Fig. 246: 266 
[Instruction |F [X |V_|L [M |2 | 
[LppsB. sd «CO * J ® [* J * [| 


Set by the instruction. 
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Fig. 247: 


LDPSM src/EaRh V4 267 


Fig. 248: 


| Instruction [F [x [v [i [mM [2 | 
| uppsm- [- [- Je [= FT 
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Fig. 249: 
P 
STPSB dest/EaWh 
11011110 ..EaWh.. 
Fig. 250: 
pero 
| Instruction [F |x [v [i [M [2 
_stpsp [> T= I- [- IE 
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Fig. 251: 


27| 
STPSM dest/EaWh 7 


Fig. 252: 


| Instruction [F [x [v Ju [m [z 
_sTPsM Te Je Je Je Te 
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Fig. 253: 


273 
LDP:G src/EaR,dest/Eaw% / 


LDP:E src/#ib,dest/Eawx 


Fig. 254: 7 
get 


| Instruction |F {x [v {L |M |Z | 
2 eee Eo ee oe a oe 
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Fig. 255: 


, 275 
STP src/EaR%,dest/EaW 


Fig. 256: 


[instruction [F [x [V[L [Mz] 
sre et 
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Fig. 257: 


JRNG:E vector/#ib 


JRNG:G vector/EaRh!M 


Fig. 258: 


IRNG 


Fig. 259: 


- JRNGVB 


pers 


JRNGVB 


5,201,039 
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Fig. 260: 
280 
ff 





VR (Vector RNG):Destination ring No. newly jumped by the 


execution of the JRNG instruction 


AR (Access RNG):Outermost ring No. where the execution of 


the JRNG instruction is permitted. 


VX {Vector XA):New XA after the JRNG instruction is 


executed. This bit is fixed to Q. 


VPC (Vector PC):New PC after the JRNG instruction is 


executed. 
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Fig. 261: 


a fe) by JRNG (New Ri 


t Low order address 


28I~y 
PC of next instruction 


SP of old ring 


¥ High order address 












<= SP after JRNG is exected 
+ Stack frame by JRNG 






<— SP before JRNG is executed 





Fig. 262: 


Stack frame where an EIT occurs when using JRNG (Correct) 


1 Low order address 







<= SP after an EIT occurrence 
Stack frape due to an JRNG 
error such as RTVE 






FORMAT/VECTOR 
PC of JRNG instruction 


a information, = SP before JRNG is executed 


* High order address 
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Fig. 263: 


tack frame if an EJT occurs when usi In 
283\' Low order address 


FORMAT/VECTOR 
PC of JRNG instruction 


‘Additional information, etc.! 

PC of next instruction 
ees ie ae 
¥ High order address 













such as RTVE 






Stack frame due to JRNG where an 
error occurs (actually, it is not 
formed). 

€- SP before JRNG is executed 


© SP after an EIT occurrence 
l Stack frame due to an JRNG error 


Fig. 264: 


ame when jumped to the sa j when 


yee 
1 Low order address 


<— SP after JRNG is executed 
Stack frame using JRNG 


€ SP before JRNG is executed 
¥ High order address (initSP) 
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Fig. 265: 


RRNG fess 


00111011 1101P119 


Fig. 266: 


[Instruction |F |x |v |[L [Mm {2 | 
[RRNG > be |* {F | 


Return from the stack. 
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Fig. 267: 


1 Low order address 


FORMAT/ VECTOR 
PSW where an RFE occurs. 


* High order address 
* SP remains unchanged when an inter-ring call is performed. 


< SP after RRNG is executed 
and an RFE occurs 
Stack frame by REF (FORMAT/VECTOR 
and PC represent REF and RRNG 
instructions, respectively. } 
© SP before RRNG is executed 
Stack frame for a troubled 
inter-ring call 












* In PSW, the value before the RRNG instruction is executed 
is rewritten by EITVTE of RFE and RTV. PRNG represents 
the ring which executed the RRNG instruction. PSW saved 
in the stack (PSW where RFE occurs) does not affect PSW 


after an EIT occurs. 


Fig. 268: 


T Low order address 
< SP before RRNG is executed 


es ee 
Odd nupber PC + Stack frarme for a troubled 
ESS Sa inter-ring call 
1____+____Next_word oe ' © SP before an inter-ring call 
Ge ee pete La en ee ea 1 
is performed 


288 


+ High order address 
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Fig. 


289, 


269: 


1 Low order address 


FORMAT/ VECTOR 
PC = Odd number PC 
EXPC = PRNG instruction Eroubled Ged: pusher 0h? 
respectively.) 


H Next word } < SP before an inter-ring 
tiie =o call is performed 
¢ High order address 


* SP is restored from the stack when an inter-ring call is 











< SP after RRNG is executed 
and an OAJE occurs 

Stack frame by OAJE (FORMAT/VECTOR 
and PC represents an OAJE and 





performed. 

* In PSW, the value once restored from the stack is 
rewritten by EITVTE of an OAJE. PRN represents the ring 
when an inter-ring call is performed. In other words, 
unless PRNG is rewritten through software, the value is 
the same as that of PRNG before the RRNG instruction is 


executed. 
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Fig. 270: 


TRAPA vector/#4z fr 


Fig. 271: Pa 
| Instruction |F {x [V |L [M [Z| 
|, TRAPA fe Je Je d- ete 
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Fig. 272: 


TRAP Y 


00ccccl11 1101P100 


cccc represents conditional specifications. 


Fig. 273: 


29| 
| Instruction |F |x |v |L |M |z | 
(SORA fe yee est es 
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Fig. 275: for 
[Instruction [FX Jv Jc wz) 
| REIT sd f* J fe fe fe | 


Return from the stack 


Fig. 276: 


296 
1 Low order address L 


< SP after REFT is executed 


and an RSFE occurs 
FORMAT /VECTOR Stack frame by REF (FORMAT/VECTOR 


and PC represent as RSFE and REIT 
instructions, respectively. ) 

€ SP before REIT is executed 
FORMAT/VECTOR Troubled stack frame 


Additional information, etc. 





* High order address 
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Fig. 277: 


WAIT imask/#ih 
7 
ge 


Fig. 278: 


| Instruction [F [x |v [x [m [2 ] 
WANTS ee eel Ie 
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Fig. 279: 
299 
f 


LDCTX ctxaddr/EaA!A 


BEGAN EGC 


xx Specify the space where CTXB is placed. 
xx = 00 Logical space (/LS) 

xx = 01 Control] space (/CS) 

xx = 10 reserved 


xx = 11 reserved 


Fig. 280: 
P ae 
Tinstruction [F [x [v [LM Jz | 
LDCTX Ge ee a Ea ee 
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Fig. 281: 


STCTX Va 


xx Specify the space where CTXB is placed. 
xx = 00 Logical space (/LS) 

xx = 01 Control space (/CS) 

xx = 10 reserved 


xx = 11 reserved 


Fig. 282: 
2 
fe 


| Instruction [F [x [v [u [m [Z| 
p srers Ee Ie 
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Fig. 283: 


303 
ACS chkaddr/EaR f 


Fig. 284: : 
f 4 


| Instruction |F |x [V {L [M [2 | 
PACS Ee 
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Fig. 285: 


305 
MOVPA srcaddr/EaA,deat/EawW!S f 


Parameter for Register 


Ri: Base address on address translation table 


Fig. 286: 
Fa 306 


Tinstruction JF JX |v [LW [a 
MOVPA fe 
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Fig. 287: 
Fa 
Vflag F_flag Result 
Normal termination 0 0 Physical address ==> dest 
Error 1 0 dest does not change. 
Page out (ST, PT, PAGE) 1 1 dest does not change. 





“Error” also occurs if an ATE format error (reserved ATE error) 


occurs or if the areas not used are specified by ATE. 





Fig. 288: 
Y a 
Address General Mewpory Access MOVPA,LDATE, and 
STATE Instruction 
H’00000000 to Address translation Address translation 
H’7fffffff using UATB using R1 
H’80000000 to Address translation Address translation 


H’frrrerrfty using SATB using SATB 


U.S. Patent Apr. 6, 1993 Sheet 145 of 213 5,201,039 


Fig. 289: 


f 309 
LDATE src/EaR,destaddr/EaA 


p Specify the logical] space to be purged. 


p = 0: All the spaces (/AS) 


p= 1: Space containing LSID specified by RO (/SS) 


ttt ttt Specify ATE to be loaded. 
ttt = 000: Load to PTE. 


ttt 


001: Load to STE. 


Parameters for Register 
RO: LSID of the logical space for TLB to be purged 


(only with /SS). 


Ri: Base address on the address translation table. 


Fig. 290: 
gor 
[instruction |F [x |V |L [M {2 | 
TipaTe sd’ ® ‘- [* J- j- {- | 


U.S. Patent Apr. 6, 1993 Sheet 146 of 213 5,201,039 








Fig. 291: Va 
Vflag F_flag Result 
Normal termination 0 0 ATE is set. 
PI = 0 in ATE being loaded 0 1 ATE is set. 
Reserved ATE error for ATE 0 1 ATE is set. 
being loaded 
Reserved ATE error in the 1 0 ATE is not set. 
middle leve] ATE 
PI = 0 in the middle ATE 1 1 ATE is not set. 


(page out) 


Nee ae a EE nee LS OO Cee ae 
V_flag indicates that the ATE set operation is unsuccessful due 


to a reserved ATE error or page out. 


U.S. Patent Apr. 6, 1993 Sheet 147 of 213 5,201,039 


Fig. 292: 


312 
STATE srcaddr/EaA,dest/EaW!S 4, 


ttt Specify ATE to be stored 


ttt = 000 Store from PTE. 


ttt 


001 Store from STE. 


Parameter for Register 


Ri: Base address on the address translation table 


Fig. 293: 


38 
| Instruction {F [x |v [L [M [2 | 
Psrare ts [= fe = Fe J 
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Fig. 294: 
aa 
V_flag F_flag Result 
Normal termination 0 0 ATE ==> dset 
PI = 0 in ATE being read 0 1 ATE ==> dset 
Reserved ATE error for ATE 0 1 ATE ==> dset 
being read 

Reserved ATE error in the 1 0 dest does not 

middle level ATE change. 
Page out in the middle level 1 1 dest does not 


change. 


end 


V_flag represents that the ATE read operation is unsuccessful 


due to a reserved ATE error or page- out. 
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Fig. 295: 


PTLB , 3IS 


p Specify the logical space to be purged. 
p=0 All the spaces (/AS) 


p= 1 Space containing LSID specified by RO (/SS) 


Parameter for Register 
RO: LSID of the logical spaced of TLB to be purged 
(only with /SS) 


Fig. 296: 


gs 


[instruction [FX ]v [LM Jz] 
Pers - 1-1-1 1-1 
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Fig. 297: 


fai 
PSTLB prgaddr/EaA 


pe OP ia Oe LN a 


p Specify the logical space to be purged. 
p =0 All the spaces (/AS) 
p =1 Space containing LSID specified by RO (/SS) 
ttt Specify the logical address range to be purged. 
ttt = 000 Purge the entry where all the logical addresses 
(2°31 to 2°12 bits) are matched (/PT). 
ttt = 001 Purge the entry where the 2°31 to 2°22 bits of the 
logical address are matched (/ST). 
ttt = 110 Purge the entry where the 2°31 bit of the logical 


address is matched (/AT). 


Parameter for Register 
RO: LSID of the logical space of TLB to be purged 
(only with /SS). 


Fig. 298: 318 
| Instruction [F [x [Vv [L [M ]z | 
PSTLB - fe fe [- [- FT 
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Fig. 299: 
20 39 
AT Meaning 

00 No address translation, no memory protection 

01 TRONCHIP standard address translation and memory 
protection <<LA>> (4 KB page ring, 4 rings) 

10 No address translation, simple memory protection using 
address <<LIR>> (Memory area classification by MSB of 
address, 2 rings) 

11 Reserved 

Fig. 300: 


7 3el f 322 ; 


AT 


00 


01 


10 


11 


Meaning 


No address translation, no sesory protection 


Reserved 


No address translation, simple msemory protection using 


only address <<LI1R>> 


(Classification of memory area by MSB of address, 2 
rings) 


Reserved 
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Fig. 301: 
CHIP32 CHIP64 
0000000000000000 
323%, 
0000000080000000 
00000000 
0000000 Ee at this | so00000000000000 
1 point { 
4 4 
frrfrirr 4 i 
( 
t 
{ : Shared Region + ff£ffffF180000000 
| : Unshared Region ! 
1 
4 rrirerererrerree 
Fig. 302: 
CHIP32 CHIP64 . 
324, T 8000000000000000 
! 
t 
1 (-) 
80000000 + + fffff££tf£380000000 
; ! 
(-) {| ———____—_+ ! 
0 0 
(+) ee eee 
Iffffftt oooooooo7Frrrrifr 


(+) 


:: Shared Region 
1: Unshared Region 


TECfCerer(rrrcrirTryf 
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Fig. 303: 


+ +] + 
+ +] + 





Fig. 304: 7 
f 326 


CMP 
CMPU 
CHK 












+++ 







L and Z serve to compare a 
value with the low bound value. 
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Fig. 305: 


Oe eeeee 
OO++4 44404 


M and Z are changed depending 
- dest. F is changed if tap = 


These flag statuses occur if 
(minimum negative value)+ (-1). 
Division by zero. 


Division by zero. 
M and Z are changed depending 
on dest. F is changed if tap = 


An overrflow occurrence in 
dest. 

Division by zero. 

Division by zero. 


Division by zero. 


++ 0000Mm wu 
#+4:1 018% 1 


M and Z are changed depending 
on xreg. 
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Fig. 306: 


estrection] #[ 3] vo] m 







73 


ped 










oO» 
oR 4 
So 





Fig. 307: 





Fig. 308: 


Z indicates the test result. 
indicates the test result. 


indicates the test result. 
Z indicates the test result. 
V indicates that the search 
operation is unsuccessfully 
terminated. 
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Fig. 309: 


sj + 
+ 
+ 

| ot 





Fig. 310: 


i<- ->IBit Field being 
src: SSSSSSSSSSSSSSSSS Inserted 
base to offset: DDDDDDDDDDDDDDDDDDBBBBBBBDDDDDDD 
loffsetiwidth! 332 


base 
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Fig. 311: 


V indicates that the search 


operation is unsuccessfully 
terminated. 





Fig. 312: 
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Fig. 313: 


, ia 
feist a] oP of afc 


X,Land Z are used to compare 
the last element. 
V indicates that the search 





operation is unsuccessfully 
terminated. 


Fig. 314: 


aie 


V indicates that the search 
operation is unsuccessfully 
terminated. 


Foweretion] FL] oe oz 


QINS 
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Fig. 315: 337 
4 


Fig. 316: (338 





Instructio 


BSET} indicates the test result. 

BCLRI indicates the test result. 

CSI indicates that the update 
operation is successfully 
terninated. 





Fig. 317: 


If dest is PSW 
Set by the instruction. 
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Fig. 318: 


Restored from the stack. 


Restored from the stack. 





Fig. 319: 


po 





Comment 
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Fig. 320: 342 
<Entrance of Subroutine> f 
1. Save the current PC and set the new PC. 
2. Save the current FP and set the new FP. 
3. Keep the area for local variables. 
4. Save the registers. 


TRONCHIP 
1 JSR 


ENTER 


we me ee ee od a om 


<Exit of Subroutine> 

5. Restore the register. 

6. Release the local variables and restore the FP. 
7. Restore the PC and return. 


8. Release the parameters in the stack. 


TRONCHIP 
T T EXITD #0 
EXITD 


ADD *##,SP 


ee ee 


J 
1 
{ 
| 
! 
1 
1 
’ 


U.S. Patent 


Fig. 321: 


HIGH 
ADDRESS 
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old PC 
old FP 


-——_—_________ 


parameters 


t © SP before executing JSR 
{ © SP before executing ENTER 
| & FP after executing ENTER 


343 + 
™ ; local variables ! 


LOW 
ADDRESS 


Fig. 322: 


«Calling side> 


PUSH 


PUSH 
PUSH 
JSR 
ADD 


paraN 


para2 
paral 
sub 
#N#4,SP 


San | 
saved regsiters | < SP after executing ENTER 
-—-——____----_—__—"+ (STACK TOP) 


jo 


<Called side> 


sub: ENTER #area,reglist 
| 


| Parameters and local variables 
! are accessed by @(disp,FP). 

t 

{ 


( 
EXITD reglist,#0 
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Fig. 323: 
gor 
<Calling side> <Called side> 
I sub: ENTER #area,reglist 
i ] 
PUSH  paraN 1 Parameters and local variables 
I { are accessed by @(disp,FP). 
PUSH  para2 \ 
PUSH paral { 
JSR sub { 


| EXITD reglist, #N*4 
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Fig. 324: 


Program Example (Static Scope) 


procedure proc0 {Lexica] Leve) 0}; 
var var0; : 
procedure proclA {Lexical Level] 1); 
var varia; 
procedure proc2A {Lexical Level 2}; 
var var2A; 
begin 
end 
procedure proc2B {Lexical Level 2}; 
var vardB; 
begin 
end 
bein {procedure proclA} 
end 
procedure proc1B {Lexical Level 1}; 
var varlB; 
procedure proc2C {Lexical Leve] 2}; 
var var2C; 
begin 


end 

procedure proc2D {Lexical Level 2}; 
var var2D; 
begin 
end 

begin {procedure proc1B)} 

end 

begin {procedure proc0} 


end 


5,201,039 
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Fig. 325: 


<<Subroutine Call Status>> 
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347 


<<Display>> 
FP R13 R1i2 R11 R10 
lev=X lev=0 lev=1 lev=2 lev=3 





proc0d 
[lev. up, FP > R12] 
procla 
(lev. up, FP > R11) 
proc2B 
¥ 
[lev. same, FP > R11} 
proc2aA 
t 
[lev. down, FP — R13) 
proc0O(recursion) 
t 
[lev. up, FP > R12} 
proclB 
t 
(lev. up, FP - R1)) 
proc2D 
v 


procO proc0d - - - 
(var0) 


proclA procO proclaA 
(varlA)(var0) 


proc2B procO proclA proc2B 
(var2B)(var0) (variA) 


proclA proc0O proclA proc2A 
(var2A)(var0) (varlA) 


proc0* proc0* - - 
(var0*) 


proclB procO* proclB - 
(var1B)(var0*) 


proc2D proc0* proclB proczD 
(var2D) (var0*) (var1B) 





U.S. Patent 


Fig. 326: 
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Control Space yr 


H’80000000 


w’ferego09 |---------------------- | 


4’ 00000000 l Boe rneseeicoulacceaes 


Context Saving e--4 
(Extension) Portion en} 


\eoxterk Saving Portion! <¢- 


5,201,039 


--LDCTX/CS, 


STCTX/CS 


lopu: Control Registers |<—+—LDC,STC 
H’00000180 L alasiaiestentatatetetntetatetetetetetetata! 


leru: General Purpose | 
| Registers 


a 


H’00000400 [ anne ---- +--+ +e + 


H’00000800 t Pospneuecaesecucte 


ii General Purpose | 
Registers -- 


H*90000c00 |-----------=--------- | 


H’00001000 |----------------=----- | 


eee Portion lee 


H'00008000 }--------------------- 


! 

! 

! 
mf 


leatensign ee 


H'7fffrfTrt 
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Fig. 327: 


Fig. 328: 350 


oor. Lee ee 


Fig. 329: 


35) 


Fig. 330: 
352 


3 
a 


Fig. 331: 
35 
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Fig. 332: 
fr 


Fiscwcee aoe vat ecenete Benueune 


Fig. 333: 355 
Fig. 334: 356 
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Fig. 335: 


357 


EITVB . 


Fig. 336: 


JRNGVB 


: 
‘ 


Fig. 337: 
359 


SP] (ATOM does not provide SP1.) 


ify] 
co 
@ 
a 
~ 
fate 
t=] 
co 
ie | 
uty 
° 
bo J 
re ] 
a 
3 
n 
eo 


Stack Pointer for ring] 


SP2 (ATOM does not provide SP2.) 


Stack Pointer for ring2 


Stack Pointer for ring3 360 


SPO to SP3 are stack pointers used for rings 0 to 3. 
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Fig. 338: 
361 


Stack Pointer for Interrupt 


Fig. 339: 
362 
IOADDR 


10 Address 


36 


Fig. 340: 


zP 


STB ee DLL PI 


Fig. 341: 


ay 


al DLL PI 


Fig. 342: 


LSID 
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Fig. 343: 
367 
f 


<<The stack is directly used.>> 


Low Order Address 1 


CTXB ————CSW [32bit] 
SPO (32bit] ————>PS¥[32bit] 
SP1 [32bit}) *1,#2 FORMAT/VECTOR[32bit) 


SP2 [32bit] *1,#2 PC(32bit] 


SP3 [32bit] *1 aed 
UATB[32bit] #2 (EIT additional information) 
LSID[32bit] *3 [32 x n bit] 
RO [32bit] *4 sas 


R14 [32bit] #4 


(Used for saving data in the co-processor register) *5 


(Used for OS - process ID , task ID , etc.) 


High Order Address ¥ 


Fig. 344: 
7368 
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Fig. 345: 





Fig. 346: 
Tigutcenee ADDRESS £310 
MSB (+0) 41) (42) (+3) LSBS 


< SP 
AFTER 

EIT PROCESS 
EXECUTION 









EITINF | FORMAT TYPE VECTOR 
OLD PC 
: ADDITIONAL INFORMATION '€SP BEFORE 
| { 
EIT 
1 i] 





L HIGH ORDER ADDRESS GENERATION 
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Fig. 347: 
| PSW 
| Format IType 10000000 | Vector ade 
| PC 
rece Ae deer 
PSW: PSW when EIT is detected. 
Format: Stack format number (8 bits) 
Type: EIT type (8 bits) 
Vector: EIT vector number (9 bits) 
PC: Execution restoration address after exiting 
from the EIT handler. 
Fig. 348: 
ree 
Forpat No.0 Format No.1 Format No.2 Format No.3 


| PSk | PSW | PSW | PSW 
[rorant and FR | Sear and SAG | SRE and sie. liporace and seal 
PC || PC || PC If PC | 


[| 
EXPC EXPC EXPC 


| ee | 
IOINF | SPI 
| 
| Error Addr | 
Error Data | 


| 


Fig. 349: 


f rt 


pose ple [owe [oes bbl pe [oe] 


U.S. Patent Apr. 6, 1993 Sheet 174 of 213 5,201,039 


Fig. 350 (a) 


00|FFFFFOOO [RI Reset interrupt(*) 


O11 FFFFFO08 [DEI DBG external interrupt 


FFFFFO10/DTRA DBG trap instruction 


03|FFFFFO18|DDBE DBG debug exception 


04)FFFFFO20| DAVE DBG access violation 





Cormpletion 
Completion 
Completion 


Reexecution 


poems [etter 


06 


ad baal 


OF 
10 
11 


12 


13 
14 


15 


+030 


+078 
+080 
+088 


+090 


+098 
+0A0 


+0A8 


Reserved 

myn 

Reserved 

DBE Debug exception 


BAE Bus access exception 
(store buffer) 


Bus access exception 
{except store buffer) 


ATRE Address translation 
exception(store buffer) 


Address translation 
exception 
(except store buffer) 
Reserved|Page out exception 


PIE Reserved instruction 
exception 


PIVE Privileged instruction 


Completion 2; 2 
Corupletion 1; 1 
Reexecution 4 1 
Completion 1 1 
Reexecution 4 1 
Reexecution 4 0 
Reexecution 4 0 


U.S. Patent 


Fig. 350 


16 
17 


18 


19 
1A 
1B 
ic 


(b}: 


+0B0 
+0B8 


+0C0 


+0C8 
+0D0 
+0D8 
+0E0 


+0E8 
+0F0 
+OF8 
+100 
+108 


+178 


+180 


+188 


+1B8 


+1C0 
+1C8 


REE 
RSFE 


Reserved 


OAJE 
ZDE 
IOE 
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374 
f 


violation exception 


Reserved function exception |Reexecution 


Reserved stack format 
exception 


Ring transition violation 
exception 


Odd address jump exception 
Zero divide exception 


Illegal operand exception 


Reserved|Decipal illegal operand 


LIE 
Reserved 
TRAP 
TRAP 
TRAP 

“yn 

TRAP 
CIE 


CIE 


exception 


<<L1>> function exception 


Conditional trap instruction 
Trap instruction 


Trap instruction 


Trap instruction 


Co-processor instruction 
exception 


Co-processor instruction 
exception 


Co~processor instruction. 
exception 


Reserved|Co-processor execution 


exception 


Reserved|Co-processor command 


Reexecution 


Completion 
Completion 


Reexecution 


Reexecution 


Completion 
Completion 


Coapletion 


Completion 


Reexecution 


Reexecution 


Reexecution 


5,201,039 


4 0 
4 0 
] 2 
] 2 
4 0 
4 0 
1 2 
1 2 
1 2 
1 2 
4 0 
4 0 
4 0 
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Fig. 350 


3A 
“ a 
3F 
40 


7F 
80 


(c): 


+1D0 


+1F8 


+200 


+208 


+230 


+238 


+240 


+277 


+278 
+280 
+288 


+2F0 
+2F8 
+300 


+3F8 
+400 


Reserved 


ba Tie 
Reserved 


FVE! 


FVEI 
a 


FVEI 


Reserved 


sa he 


Reserved 


Reserved 
DI 

DI 

myn 

DI 
Reserved 
Reserved 
aye , 
Reserved 


EI 
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374 
f 


exception 


Fixed vector external Completion 3 0 
‘interrupt 


Fixed vector external Completion 3 0 
interrupt 


Fixed vector external Completion 3 0 
interrupt 


Fixed vector external 
interrupt 


Fixed vector external] 
interrupt 


Fixed vector external 
interrupt 


Delayed interrupt exception [Completion 3 0 


Delayed interrupt exception |Completion 3 0 


Delayed interrupt exception {Completion 3 0 


Delayed context exception 


External interrupt Completion 3 0 
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Fig. 350 (d): 


374 
- 


External interrupt Completion 
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Fig. 352: 
PC START ADDRESS OF El PROCESS ly’ 3/6 
HANDLER 


377 
PSW 
SET BY EITVTE OF El 


LOW ORDER ADDRESS 






NG, 
<= SP AFTER TRAPA PROCESSING 


| BEFORE EI PROCESSING 


PWS: VALUE BEFORE TRAPA 
INSTRUCTION EXECUTION 
EITINF: TRAPA 


PC:NEXT ADDRESS OF TRAPA 
INSTRUCTION 


Jnicy ORDER ADDRESS 


stack [PSW=SET BY EITVTE OF TRAPA SP AFTER TRAPA AND 
£1 PROCESSING 
EITINF:El 
378 ~y ae OE TEATS EpOcene Ne INFORMATION SAVED BY EI 


INFORMATION SAVED BY TRAPA 


<= 5P BEFORE TRAPA AND E] 
PROCESSING 
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Fig. 353: pore 
TYPE IN EITINF EIT TYPE ACCEPTED 
POPPED BY REIT INSTRUCTION JUST AFTER REIT INSTRUCTION 
1 1 to 4 
2 3 to 4 (Not 2 to 4) 
3 3 to 4 
4 4 


Fig. 354: 
380 38) 
IMASK DI TO BE STARTED EXTERNAL INTERRUPT ALLOWABLE 
hae Ne ee eee 
0 = INT 0 (NMI) 
1 DI 0 INT O (NMI) 
2 DI 0 to 1 INT 0 to 1 
3 DI 0 to 2 INT 0 to 2 
4 DI 0 to 3 INT 0 to 3 
5 DI 0 to 4 INT 0 to 4 
13 DI 0 to 12 INT 0 to 12 
14 DI 0 to 13 INT 0 to 13 
15 DI 0 to 14 INT 0 to 14 


rg 
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LIgy¥—(usnya1)——> 


998 'XLO0T 

ONISSIO0Ud HOLVdSIG 
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1d dO LUVLS 


(V MSVL ALNOIXT ‘LXIN) wl=Id SV HOLVdSIG 
dO Lsadndad ‘SALVLS WSVL dO JONVHO 
ONISSAIOUNd T1VO WELSAS 


-_ (189 nq 8h8) 


PT=HSVWI 


VdVal Ad ONILYVLS 
INISSIOOUd TIVO WALSAS 
<<$O>> 


c8e / 


VI=WSVWI 


bIIGd Ad ONILYVIS 
ONISSIOONd HOLVdSIG 
<<SO>> 





VdVal 


ST=ASVWI ST=YSVWI 


<<d@ WSVL>><<V WSVL>> 


ccs¢ ‘bi 
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383 
Fig. 356: St 
<<TASK A>><<TASK B>> <<OS>> <<EXTERNAL INTERRUPT <<OS>> 
PROCESSING>> 
DISPATCH PROCESSING SYSTEM CALL PROCESSING 
STARTING BY D114 STARTING BY TRAPA 
IMASK=15 IMASK=15 IMASK=14 IMASK=7 IMASK=7 


*INTERRUPT# | ——————_____ 
(PRIORITY 7)! 
1 
(system call) 
SYSTEM CALL PROCESSING 
CHANGE OF TASK STATUS, REQUEST 
OF DISPATCH AS DI=14 
(NEXT, EXECUTE TASK A) 


—$$$——_—_—__—— REIT 
% (return) 
START OF DI $ DELAY OF DISPATCH 
|] EIT 
DISPATCH PROCESSING (return) 
LDCTX, etc. 


ome ae wee eee Be ww wwe eee eee 


<—~( return) —#EIT 


ee ee eer ee 
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Fig. 357: 


VALUE OF DCE 


(74 


MEANING 


000 


001 
010 
011 
100 
101 
110 
111 


UNCONDITIONAL DCE REQUEST. 

IF SM=1], STARTING DCE UNCONDITIONALLY. 
(RESERVED) 

(RESERVED) 

(RESERVED) 

DCE REQUEST STARTED WHEN RING 1 to RIXG 3. 
DCE REQUEST STARTED WHEN RING 2 to RING 3. 
DCE REQUEST STARTED WHEN RING 3. 

NOT REQUESTED. 


—_—_—_—___—_—_— 


Fig. 358: 


£785 


ee 


DCE 


BECOME PENDING 


DI EXTERNAL INTERRUPT (EI) 
—— re ra Sidr misses eses 

BECOME PENDING BECOME PENDING 

BY IMASK VALUE BY IMASK VALLE 


BY SMRNG VALUE 
CONTEXT SUBORDINATE 
RELATION BETWEEN 


INTERNAL EVENT AXD 
CONTEXT (SOFTWARE) 


CONTEXT STAND-ALOXE CONTEXT STAND-ALONE 


RELATION BETWEEN RELATION BETWEEN 
INTERNAL EVENT AND EXTERNAL EVEXT AND 
PROCESSOR (SOFTWARE) PROCESSOR (HARDWARE) 


—_—_—_—_ CE Sp eg 
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26S€ °3t4 
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Fig. 360 (a): 


CMP:L 
MOV: L 


MOV:S 


Apr. 6, 1993 


Sheet 185 of 213 


OORgRwRR 00.ShR.. 





OORgWwRR O1.ShR.. 


OORgRwWW 


10.ShW.. 


5,201,039 


ais 


*%%#% When CMP and MOV occurs simultaneously, 0 is allocated 


to CMP, 1 to MOV. 


AND:R 
OR:R 
XOR:R 
MOVA:R 
MUL:R 


DIV:R 


Other Instructions 


(5) 


(6) 


a ee eee 


CMP:Q 
MOV:Q 
ADD:@Q 
SUB:@Q 


SHL:Q 


OOREMwO0 
OORgMw01 
OORgMw10 
OORgWP11 
OORgMwO0 
OORgMwO1 


0077771? 


010#3nRR 
01123nWW 
010#3nMM 
011$3nMM 
010%3nMM 


1100RgRw 
1100RgRw 
1100RgRw 
1100RgRP 
1101RgRw 
1101RgRw 


11017??? 


00.ShR!1 
00.ShW.. 
01.ShM.. 
01.ShM.. 


10.ShM.. 


oe. H0)6...... 
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SHL:C 011£3cMM 10,ShM.. 
SKA:C 011#3cMM 11.ShM.. 
CMP: 1 010000RR 





ADD: I 010001MM 11.ShM.. 
MOV: 1 010010WW 11.ShW.. 





SUB: I 010011MM 11.ShM.. 
AND: I 010100MM 11.ShM.. 
OR: 1 010101MM 11.ShM.. 
XOR: 1 010110MM 11.ShM.. 





{RIE} 010111MM 11.ShM.. @eee 6 iM. @#eoe@e?# 
*44%* Distinction between CMP and MOV, ADD and SUB is 
carried out by 2°3 bit; among AND, OR, XOR, by. 2°2 to 273 bit; 


which is common with :I format and :G format. 


[102272777 
Bcec:D 10cccc00 ..#d8... 
ADD: L 10RgMw01 00.ShRw. 
SUB:L 10RgMw01 01.ShRw. 
BSET:Q 100#3z01 10.ShMf9 
BCLR:Q 101#3z01 10.ShMfo 
BSETI:Q 100#3z01 11ShMfgi 


BTST:Q 101#3z01 11.ShRfq 
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Fig. 360 (c): 


Vials 

*##*%% Further bit allocation. 

10??701? Having Ea 

10xx011? Having Ea (LDCTX) 

1077111? Having imm8 or disp8 

1000171X ENTER:E,STM (Having register list)- 

Enter:G in common 
1001171X EXIT:E,LDM (Having register list)- 


EXIT:G in common 


Patterns of JRNG:E and JRNG:G, BSR:8, and JSR are commonized 


as much as possible. 


JMP 10000010 ..EaA... 
ACS 10000011 ..EaA... 

POP 1001001" . .EaWL.. 

‘PUSHA 1010001S ..EaA... 

PUSH 1011001R ..EaRL.. 

LDCTX 10xx0110 ..EaA'A, 

{RIE} 10##0111 ..EaAta. 

STM 1000101W ..EaWmL. ......LsWL...... 
LDM 1001101R ..EaRmL. .....-LIR1...... 
JSR  1010101P .. Bad... 


JRNG:G 1011101P ..EaRh! 
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Fig. 360 (d): 387 
f 
ENTER:E 1000111X ..#ib... ...-..LnXL.e.se, 
EXITD:E 1001111X ..#ib... 22+eesLxXLeee ee, 
BRA:D 10101110 ..#d8... 
BSR: D 10101111 ..#d8... 
JRNG:E 10111110 ..#ib... 


(1)General# 10111111 ..#ib... 7777777? ..Ea?... 


(11727272 
CMP:Z 110000SS ..EaR!1. 
MOV:2Z 1]0001WW ..EaW... 
NEG 110010MM ..EaM... 
NOT 110011MM .. sas 


(2)General A 110100RR ..EaR... 7777777? ..Ea?... 
(3)General B  110101RR ..EaR... 7777777? ..Ea?... 


(4)General instruction particular 


11011000 ..BaA... 7?777777?..Ea?... 


{RIE} 11011001 ##4*442% 
{RIE} 1101101% *##4e44% 
LDPSB 11011100 ..EaRh.. 
LDPSM 11011101 ..EaRh.. 
STPSB 11011110 ..EaWh.. 


STPSM 11011111 ..EaWh.. 


U.S. Patent Apr. 6, 1993 Sheet 189 of 213 5,201,039 


387 
Fig. 360 (e): vA 
coproc} 1110%%?? ..Ea?.., 888884 £294482% 
coproc2 1111%#%* #3444444 


[(1)(2)General Instruction#/General Instruction A] 
(2) General Instruction A 
110100RR ..EaR... 7777777? ..Fa?... 


(1) General Instruction. # 


10111141 ..#ib... 2272777? ..Fa?... 
ADD:G 110100RR ..EaR... OOOOOOMM ..EaM... 
ADD:E 10111111 ..#ib... OOO000MM ..EaM... 
ADDU:G 110100RR ..EaR... OO0001MM ..EaM... 
ADDU: E 10111111 .s#ib... 000001MM ..EaM... 
SUB:G 110100RR ..EaR... 000010MM ..FaM... 
SUB:E 10111111 ..#ib... 000010MM ..EaM... 
SUBU:G 110100RR ..EaR... 000011MM ..EaM... 
SUBU:E 10111111 ..#ib... 000012MM ..EaM... 


%#%%%* Distinction between signed and unsigned instruction is 
carried out by 2°2 bit, which is common among ADD, SUB, MUL, DIV, 


REM, CMP, MOV, BFCMP, BFINS. 


ADDX:G 110100RR ..EaR... OO0100MM ..EaM... 
ADDX:E 10111111 ..#ib... 000100MM ..EaM... 
ADDX:G 110100RR ..EaR... 000101MM ..EaM... 


ADDX: E 10111111 ..#ib... 000101MM ..EaM... 


U.S. Patent 


Fig. 360 (f): 


SUBX :G 
SUBX:E 
SUBDX:G 


SUBDX :E 


AND:G 
AND:E 
OR:G 
OR:E 
-XOR:G 
XOR:E 
DCX:G 
DCX: 


Lo] 


SHL:G 


SHL: 


Q ww 


SHA: 
SHA:E 
ROT:G 
ROT:E 
{RIE-X} 


{RIE-X} 


MUL:G 


MUL: E 


Apr. 6, 1993 


110100RR ..EaR... 
10111111 ..#ib... 
110100RR ..EaR... 
10111111 ,.#ib... 


110100RR ..EaR... 


10111111 ..#ib... 
110100RR ..EaR... 


101]1111 ..#ib... 
110100RR ..EaR... 


10111111 ..#ib... 
110100RR ..EaR... 


10111111 ..#ib... 


110100RR ..EaR... 
10111111] ..#ib... 
110100RR ..FaR... 
10111111 ..#ib... 
110100RR ..EaR... 
10111111 ..#ib... 
110100RR ..EaR... 


10111111 ..#ib... 


110100RR ..EaR... 


10111111 ..#ib... 
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387 
f 


000110MM ..EaM... 
000110MM ..BaM... 
000111MM ..EaM... 
000111MM ..EaM... 


001000MM ..EaM... 
001000MM ..EaM... 


001001MM ..EaM... 
001001MM ..EaM... 
001010MM ..EaM... 
001010MM ..EaM... 


001011MM ..EaM... 
001011MM ..EaM... 


001100MM ..EaM... 
001100MM ..EaM... 
001101MM ..FaM... 
001101MM ..EaM... 
001110MM ..EaM... 
001110MM ..EaM... 
001111MM ..EaM... 
001111MM ..EaM... 


010000MM ..EaM... 


010000MM «Fam... 


5,201,039 


U.S. Patent 


Fig. 360 (g): 


MULU:G 
MULU:E 
DIV:G 
DIV:E 
DIVU:G 


DIVU:E 


{RIE-X} 
{RIE-X} 
REM:G 
REM:E 
REMU:G 


REMU:E 


possible. 


DCADD:G 
DCADD:E 
DCADDU:G 
DCADDU:E 
DCSUB:G 
DCSUB: E 
DCSUBU:G 


DCSUBU:E 
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1]0100RR ..EaR... 010001MM 


10111111 
110100RR 
10111111 
110100RR 
10111111 


110100RR 
10111111 
110100RR 
10111111 
110100RR 
10111111 


*%**% Patterns of REM, REMU; DIV, 


110100RR 
10111111 
110100RR 
10111111 
110100RR 


10111111 


110100RR 
10111111 


Hib... 
.-FaR... 
Hib... 
-+EaR... 


..#ib... 


2 -EaR.. 2 


e#ib... 


. ib... 
..EaR... 
-.#ib... 


DIVU are copmonized as much as 


..EaR... 
--#ib... 
-.#ib... 
weE ses 
_-#ib... 


2+EaR... 


_-#ib... 


010001MM 
010010MM 
010010MM 
01001 1MM 
010011MM 


01010*MM 


01010*MM 


3,201,039 


Yl 


ml eee 


. Fam... 
.:EaM... 
..EaM... 
.EaM... 


++EaM... 


2 aM... 


os aM... 


010110MM ..EaM... 


010110MM 
01011 16M 


010111MM 


011000MM 
011000MM 
011001MM 
011001MM 
011010MM 
011010MM 
011011MM 


011011MM 


2. EaM... 
2+EaM... 


--EamM. oe 


.-EaM.. 2 
..EaM... 
.-EaM... 


Cm aM... 
..EaM... 


..EaM... 
->EaM... 


.-EaM... 
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Fig. 360 (h): 387 
f 

{RIE-X} 110100RR ..EaR... 0111##MM ..EaM... 
{RIE-X} 10121111 ..#ib... 01114#MM ..EaM... 
CMP:G 110100RR ..EaR... 100000SS ..EaR!I. 
CMP:E 10111111 ..#ib... 100000SS ..EaR!J. 
CMPU:G 110100RR ..EaR... 100001SS ..EaR!1. 
CMPU:E . 10111111 ..#ib... 100001SS ..EaR!1. 
MOV:G 110100RR ..EaR... 100010WW ..EaW... 
MOV:E 10111411 .-#ib... 1000]0WW ..EaW... 
MOVU:G 110100RR ..EaR... 10001]WW ..EaW... 
MOVU:E 10111111 ..#ib... 100011WW ..EaW... 


*#%#%* Patterns of CMP, CMPU, BFCMP, BFCMPU, DCCMP, DCCMPU; 


MOV, MOVU, LDP, LDC, BFINS, BFINSU are unified as much as 


possible. 
DCCMP:G 110100RR ..EaR... 100100SS ..EaR']. 
DCCMP:E 10131111 ..#ib... 100100SS ..EaR!1. 
DCCMPU:G 1]0100RR ..EaR... 100101SS ..EaR!]. 
DCCMPU:E 10111111 ..#ib... 100101SS ..EaR']. 
LDC:G 110100RR ..EaR... 100110WW ..FaW%.. 
LDC:E 10111111 ..#ib... 100110WW ..Eaws.. 
LDP:G° 110100RR ..EaR... 100111WW ..EaWZ.. 
LDP:E - 90111111 ..#ib... 100111WW ..EaW%.. 


##4%% Distinction of the particular space (LDP and LDC) is 


carried out by 2°2 bit, which is same with the case STP and STC. 
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Fig. 360 (i): pe? 
BSETI1:G 110100RR ..EaR... 101000BB ..EaMfi. 
BSETI:E 10111111 ..#ib... 101000BB ..EaMfi. 
BCLRI:G 110100RR ..EaR... 101001BB .. ; 
BCLRI:E 10111111 ..#ib... 101001BB ..EaMfi. 
{RIE-X} 110100RR .,BaR... 10101077 ..£a?... 
{RIE-X) 10111111 ..#ib... 1010102? ..Ea?... 
DCCMPX :G 110100RR ..FaR,.. 101011SS ..EaR!J. 
DCCMPX:E 10111111 ..#jb... 101011SS ..EaR!I. 
BSET:G 110100RR .,.EaR... 101100BB ..EaMf.. 
BSET:E 10111111 ..#ib... 101100BB ,.EaMf.. 
BCLR:G 110100RR ..EaR... 101101BB ..EaMf.. 
BCLR:E 10111111 ..#ib... 101101BB ..EaMf.. 
BNOT:G 110100RR ..EaR... 101110BB ..EaMf.. 
BNOT:E 10111111 ..#ib... 101110BB ..EaMf.. 
BTST:G 110100RR ..EaR... 101111BB ..EaRf.. 
BTST:E 10111111 ..#ib... 101111BB ..BaRf.. 
BFCMP:G:R 110100RR w+ 1100004X ..EaRbf. *#RRXwee sexeppis 
BFCMP:E:R 10111111 ..fib... 110000¢X . FaRbf. .6tn..## eeesppys 
BFCMPU:G:R 110100RR ..EaR... 1100014X ..EaRbf. *#RRXwee esesprys 
BFCMPU:E:R 10111111 ..#ib... 110001+X ..EaRbf. .#6n..#* sessppis 
BFINS:G:R 110100RR ..EaR... 110010+X ..EaMbf. *#RRIwts seesppys 


BFINS:E:R _ 10121111 ,.#ib... 1100104X ..EaMbf, .#6n..## seeeppxs 
BFINSU:G:R 110100RR ..EeaR... 1100114X ..EaMbf. *#RRXwet seeeppys 
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Fig. 360 (3): yor 
BFINSU:E:R 1011111] ..#ib... 1100114X ..EaMbf. .#6n..8* *#sepRX5 
BFCMP:G: 1 110100RR ,.EaR.., 110100+X ..EaRbf. **RRxwSS ..#iS8.. 
BFCMP:E: 1 10111111 ..4ib.., 1101004X ..FaRbf. .#6n..SS ..#iS8.. 
BFCMPU:G:1 110100RR o2EaR... 1101014X ..EaRbf. **RRXwSS ..#iS8.. 
BFCMPU:E:1 10131111 ..#jb... 11013014+X ~:EaRbf. .#6n..SS ..#iS8.. 
BFINS:G:1 110100RR ..£aR... 1101104X ..EaMbf. ®*RRXxwSS ..#iS8.. 
BFINS:E:1 10111111 ..#ib... 1101104X ..EaMbf. .#6n..SS ..4jSB.. 
BFINSU:G: 1 110100RR ..EaR... 1101114X ..EaMbf. **RRXWSS .-#jS8.. 
BFINSU:E:1 10111111 ..fib... 1101114X ..EaMbf. .#6n..SS ..#i58.. 
{RIE-X) 110100RR ..EaR... 11100*+4X 2-Ea?bf. #8eeeeet teeeeuse 
{RIE-X} 103111121 -.#ib... 11100*%+X . Ea?bf, Seeseect steeeets 
BFEXT:G 110100RR .. s++ 1110104+X ..EaRbf. *#RRXwes teseRwid 
BFEXT:E 10211211 ,.#ib... 111010+X ..EaRbf. .#6n..8* eeeapwyd 
BFEXTU:G 110100RR ..baR... 1110114+X ..EaRbf. SERRMwtt BeeeRwikd 
BFEXTU:E 10111111 ..#ib... 1110114X . EaRbf. .#6n..8% seeeRnyg 
ACB:G 110100RR ..EaR... 11110PXX ..EaRX.. *#RgMxSS ..#dS8.. 
ACB:E 10111111 ..#ib... II11OPKX ..EaRX.. **RgMXSS ..#dS8.. 
SCB:G 110100RR ,.EaR... 111111XX ..EaRX.. ®*RgMXss ..#0S8.. 
SCB:E - 10111111 ..#ib... 111]1PXX ..EaRX.. *#ReMxSS ..¢dSB.. 


{(3)General Instruction B) 
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Fig. 360 (k): Fel 


(3) General Instruction B 
110101RR ..EaR... 7777777? a?... 


*###%% Allocation pattern of the second HW. 


OO<Rn>?? First HW ‘RR’, size not specified, register specified. 
017777SS First HW ‘RR’, size specified, register not specified. 
1077770? First HW 'IR’, size not specified, register not specified. 
10<Rn>1? First HW '1R’, size not specified, register specified. 


11<Rn>SS_ First HW ‘IR’, size specified, register specified (INDEX). 





cS] 110101RR ..EaR... OORMC.00 ..EaMiR. 
{RIE-X) 11010iRR .. .+. 00*#*401 ..Fa?... 
CHK 110101RR ..EaR... OORgWRic ..EaRdR. 
RVBY 110101RR ..EaR... O10000WW ..FaW... 
RVBI L1O0101RR ..EaR... O1O00I1WW ..EaW... 
PACKss 1IQO101RR ..BaR... O10010WW ..FaW... 
UNPKss 110101RR ..EaR... O10011WW ..EaW... 
BSCH 110101RR ..EaR... O101bdMM ..FaW... 
DCADJ 110101RR ..FaR... 011000WW ..EaW... 
DCADJU 110101RR ..EFaR... O1]001WW ..EaW... 
{RIE-X} 110101RR ..EaR... 011010WW ..Faw... 
DCADJX 110101RR ..FaR... 011011WW ..EaW... 
{RIE-X} 110101RR ..EaR... 0111%*7?7 ..Fa?... 


#*#*4% Bit pattern of DC??7?X instruction is unifed as ?71011SS. 


U.S. Patent 


Fig. 


{(4) 


360 (L): 


LDATE 
{RIE-X} 


MULX 


DIVX 


INDEX 


Apr. 6, 1993 


110101!R ..EaR... 10pttt00 


110101!R ..EaR... 10##*40) 


110101!R ..EaR... 1ORgWRIO 


110101!R ..EaR... 1ORgMR11 


110101!R ..EaR... 1IRgMRSS 


General Instruction Particular] 


(4) General Instruction Particular 


{RIE-X) 


STATE 


{RIE-X) 
MOVPA 
STC 


STP 


QDEL 
MOVA:G 
QINS 


{RIE-X} 


{RIE-X) 


11011000 ..Ead... 7777772? 
11011000 ..Ead... 0*#*#*#?? 


11011000 ..EaA... 1010007? 
11011000 ..EadA... 101001+W 
11011000 ..EaR%.. 101010WW 


11011000 ..EaR%.. 101011WW 


11011000 ..EaRgP. 101100+W 
11011000 ..Ead... 101101+W 


11011000 ..EaMgP. 101110+- 
11011000 ..Ea?... 1011117? 


11011000 ..EaA... 11%#**#?? 
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po 


osEaA.. + 
«+E&?..., 
..EaMR.. 


..EaMR.. 


-.EaR2.. 


« .Ea?.. * 


.-Ea?... 
.-EawW!S.., 


. Far... 
.-Eaw!S. 
a .EawW. o¢ 


..EaW. oe 


.-EawW'S. 


..EaW... 


..EaMgP2 


.-Ea?.. e 


.-Ea?... 
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Fig. 360 (m): 


{(5)Other Instructions] r i 
(5) Other Instructions 
0077771? 1101777? 
{RIE} 00***%10 1101%*** 
ACB:R OORgMwll 1101P000 —RgRwSS ..#dS&.. 
ACB:Q OORgMw11 1101P001 .#6n..SS ..#dS8.. 
SCB:R OORgMw11 1101P010 —-RgRwSS ..#dS8.. 
SCB:Q OORgMwll 1101P011 .#6z..SS ..#dS8.. 
TRAP O0ccccil 1101P100 
TRAPA 00#4z.11 1101P101 


**%4*% Further Allocation. 


00770011 1101P110 LVreserved 
00?71011 1101P110 General Instruction 
00770111 1101P110 Privileged Instruction (STCTX) 


00771111 1101P110 Privileged Instruction 


LVreserved 00*#0011 11014310 
STCTX 00xx0111 1101P110 
PIB 00001011 1101P110 


NOP 00011011 1101-110 


U.S. Patent 


Fig. 


[(6) 


Apr. 6, 1993 
360 (n): 
RTS 00101011 
RRNG 00111011 
WAIT 00001111 
REIT 00101111 
PTLB 00p11111 
{RIE) O00*#**1)} 
Other Instructions] 
(6) Other Instructions 

00777727 

SCMP OeeeeSS 
SMOV O0eeeeSS 
QSCH O0eeeeSS 
SSCH O0eeeeSS 
Bee:G OOccccSS 


#4444 Further Allocation 


alternative. 


PSTLB 
{RIE-X} 


000000+Xx 
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gore 
1101P110 


1101P110 


1101-110 





1101P110 
1101P110 


1101P111 


ennee 


1110P0Qb 
1110P1Qb 
1111P0mb 
1111P10r 


1111P110 a 22  H0S...2 ees 


2°9 bit of first HW is always ‘+’. 


2°9 bit of first HW is 0/1 


000000+- 1111P111 O-pttt— ..EaA... 


1111P111 14%##0*?7 ,.Ea?... 
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Fig. 360 (0): £ 38r 
SHXL 000000+X 1111-111 1—010+- .,EaMX., 
SHXR 000000+X 1111-111 1—110+- ..EaMX.. 
ENTER:G 000000+X 1131P111 1—O11SS ..EaR!M. ......LnXL.... 
EXITD:G 000000+X 1111P111 1—111SS ..EaR'M. ......LxXL.... 


*4*** In EaR!M, only Rn and # imm_data are permitted. The size 
of EaR!M is specified by SS. The sizes of registers retired, returned 


by LnRL, LxRL are specified by X. 


BVPAT 000001+X 1111P111 
{RIE} 0000144+X 1111P111 
BVSCH OO0lbd+X 1111P111 
BRA:G 001000SS JJ1IP111 ......#dS....-.. 
SSTR 001001SS 1111P111 
BSR:G 00101Q@SS 1111P111 





BVMAP 0011bQOX 1111P111 
BVCPY 0011bQ1X 1111P111 
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Fig. 


#3c 
#3n 
#3z 
#4z 


#6n 


#6z 
#d16 
#8 
#aS 
#dS8 
#iM 
#iR 


#iS8 


#iW 


#ib 


361 (a): 


f 88 
SHA:C, SHL:C 
ADD:Q, CMP:Q, MOV:Q, SHL:Q, SUB:Q 
BCLR:Q, BSET:Q, BSETI:Q, BTST:Q 
TRAPA 
ACB:Q, BFCMP:E:I, BFCMP:E:R, BFCMPU:E:1], BFCMPU:E:R, 
BFEXT:E, BFEXTU:E, BFINS:E:1, BFINS:E:R, BFINSU:E:1, 
BFINSU:E:R 
SCB:Q 
MOVA:R 
BRA:D, BSR:D, Bec:D 
BRA:G, BSR:G, Bcc:G 
ACB:E, ACB:G, ACB:Q@, ACB:R, SCB:E, SCB:G, SCB:Q, SCB:R 
ADD:1, AND:1, OR:1, SUB:1, XOR:1I, {RIE} 
CMP: 1] 
BFCMP:E:1, BFCMP:G:1, BFCMPU:E:1I, BFCMPU:G:1, BFINS:E:1, 
BFINS:G:1, BFINSU:E:1, BFINSU:G:1 
MOV:1, UNPKss 
ACB:E, ADD:E, ADDDX:E, ADDU:E, ADDX:E, AND:E, BCLR:E, 
BCLR]:E, BFCMP:E:I, BFCMP:E:R, BFCMPU:E:1, BFCMPU:E:R, 
BFEXT:E, BFEXTU:E, BFINS:E:1, BFINS:E:R, BFIMSU:E:1I, 
BFINSU:E:R, BNOT:E, BSET:E, BSETI:E, BTST:E, CMP:E, CMPU:E, 
DCADD:E, DCADDU:E, DCCMP:E, DCCMPU:E, DCCMPX:E, DCSUB:E, 
DCSUBU:E, DCX:E, DIV:E, DIVU:E, ENTER:E, EXITD:E, JRNG:E, 


LDC:E, LDP:E, MOV:E, MOVU:E, MUL:E, MULU:E, OR:E, REM:E, 
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Fig. 361 (b): 


#ih 
EaA 
EadA!A 


EaM 


EaMR 
EaMx 


EaMbf 


EaMf 
EaMfi 
EaMiR 


EaMqP 


for 
REMU:E, ROT:E, SCB:E, SHA:E, SHL:E, SUB:E, SUBDX:E, 
SUBU:E, SUBX:E, XOR:E 

WAIT 

ACS, JMP, JSR, LDATE, MOVA:G, MOVPA, PSTLB, PUSHA, STATE 
LDCTX, {RIE} 

ADD:E, ADD:G, ADDDX:E, ADDDX:G, ADDU:E, ADDU:G, ADDX:E, 
ADDX:G, AND:E, AND:G, BSCH, DCADD:E, DCADD:G, DCADDU:E, 
DCADDU:G, DCSUB:E, DCSUB:G, DCSUBU:E, DCSUBU:G, DCX:E, 
DCX:G, DIV:E, DIV:G, DIVU:E, DIVU:G, MUL:E, MUL:G, MULU:E, 
MULU:G, NEG, NOT, OR:E, OR:G, REM:E, REM:G, REMU:E, 
REMU:G, ROT:E, ROT:G, SHA:E, SHA:G, SHL:E, SHL:G, SUB:E, 
SUB:G, SUBDX:E, SUBDX:G, SUBU:E, SUBU:G, SUBX:E, SUBX:G, 
XOR:E, XOR:G . 

DIVX, MULX 

SHXL, SHXR 

BFINS:E:1, BFINS:E:R, BFINS:G:1, BFINS:G:R, BFINSU:E:1I, 
BFINSU:E:R, BFINSU:G:1, BFINSU:G:R 

BCLR:E, BCLR:G, BNOT:E, BNOT:G, BSET:E, BSET:G 

BCLRI:E, BCLRI:G, BSETI:E, BSETI:G 

cs! 

QINS 


EaMgP2 QINS 
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Fig. 361 (c): 


EaR 


EaR!1 


EaR!M 
EaR% 
EaR2 
EaRL 
EaRX 


EaRbf 


EaRdR 
Eakf 


EaRh 


F ia 
ACB:G, ADD:G, ADDDX:G, ADDU:G, ADDX:G, AND:G, BCLR:G, 
BCLR1:G, BFCMP:G:1, BFCMP:G:R, BFCMPU:G:1, BFCMPU:G:R, 
BFEXT:G, BFEXTU:G, BFINS:G:1, BFINS:G:R, BFINSU:G:1, 
BFINSU:G:R, BNOT:G, BSCH, BSET:G, BSETI:G, BTST:G, CHK, 
CMP:G, CMPU:G, CSI, DCADD:G, DCADDU:G, DCADJ, DCADJU, 
DCADJX, DCCMP:6, DCCMPU:G, DCCMPX:G, DCSUB:G, DCSUBU:G, 
DCX:G, DIV:G, DIVU:G, DIVX, INDEX, LDATE, LDC:G, LDP:G, 
MOV:G, MOVU:G, MUL:G, MULU:G, MULX, OR:G, PACKss, REM:G, 
REMU:G, ROT:G, RVBI, RVBY, SCB:G, SHA:G, SHL:G, SUB:G, 
SUBDX:G, SUBU:G, SUBX:G, UNPKss, XOR:G 

CMP:E, CM2:G, CMP:Z, CMPU:E, CMPU:G, DCCMP:E, DCCMP:G, 
DCCMPU:E, DCCMPU:G, DCCMPX:E, DCCMPX:G 

ENTER:G, EXITD:G 

STC, STP 

INDEX 

PUSH 

ACB:E, ACB:G, SCB:E, SCB:G 

BFCMP:E:1, BFCMP:E:R, BFCMP:G:1, BFCMP:G:R, 


BFCMPU:E:], BFCMPU:E:R, BFCMPU:G:1, BFCMPU:G:R, BFEXT:E, 


“ BFEXT:G, BFEXTU:E, BFEXTU:G 


CHK 
BTST:E, BTST:G 


LDPSB, LDPSM 
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Fig. 361 (d): 


EaRh!M JRNG:G 


EaRaL 
EaRqP 


EaW 


EawW!S 
EaWx 
EaWL 
EaWh 
EaWaL 
LIRL 
LnXL 
LsWL 
LxXL 
RMC 


RRXs 


RRXw 


RWid 
RgMR 
RgMX 
RgMw 


388 
f 


LDM 

QDEL 

DCADJ, DCADJU, DCADJX, MOV:E, MOV:G, MOV:Z, MOVA:G, 
MOVU:E, MOVU:G, PACKss, RVBI, RVBY, STC, STP, UNPKSss 
MOVPA, QDEL, STATE 

LDC:E, LDC:G, LDP:E, LDP:G 

POP 

STPSB, STPSM 

STM 

LDM 

ENTER:E, ENTER:G 

STM 

EXITD:E, EXITD:G 

CSI 

BFCMP:E:R, BFCMP:G:R, BFCMPU:E:R:, BFCMPU:G:R, BFINS:E:R, 
BFINS:G:R, BFINSU:E:R, BFINSU:G:R 

BFCMP:G:1, BFCMP:G:R, BFCMPU:G:1, BFCMPU:G:R, BFEXT:G, 
BFEXTU:G, BFINS:G:1, BFINS:G:R, BFINSU:G:1, BFINSU:G:R 
BFEXT:E, BFEXT:G, BFEXTU:E, BFEXTU:G 

DIVX, INDEX 

ACB:E, ACB:G, SCB:E, SCB:G 

ACB:Q, ACB:R, ADD:L, AND:R, DIV:R, MUL:R, OR:R, SCB:Q, 


SCB:R, SUB:L, XOR:R 
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Fig. 361 (e): P 


RgRP MOVA:R 

RgRw ACB:R, AND:R, CMP:L, DIV:R, MOV:S, MUL:R, OR:R, SCB:R, 
XOR:R 

RgWP  MOVA:R 

RgWR CHK, MULX 

RgWw  MOV:L 

ShM  ADD:1, ADD:Q, AND:], OR:1, SHA:«, SHL:C, SHL:Q@, SUB:I, 
SUB:@, XOR:1, {RIE} . 

ShMfq BCLR:Q, BSET:Q 

ShMfqi BSETI:Q 

ShR -CMP:L, MOV:L 

ShR!I CMP:1, CMP:Q 

ShRfq BTST:Q 

ShRw  ADD:L, SUB:L 


ShwW MOV:I, MOV:Q, MOV:S 
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Fig. 362: 
f 389 
MNEMONIC Meaning condition  cccc 
xs X_flag set x 0000 
xc X_flag clear “x 0001 
EQ equal/Z_flag clear Zz 0010 
NE not equal/Z_flag clear “Z 0011 
LT less than/L_flag set L 0100 
GE greater or equal/L_flag clear eb 0101 
LE less or equal L+Z 0110 
GT greater than “L¥°Z) = =«(O111 
vs V_flag set V 1000- 
vc V_flag clear “Vv 1001 
MS minus/M_flag set M 1010 
MC plus/M_flag clear ~M 1011 
FS F_flag set F 1100 
FC F_flag clear “F 1101 
{RIE) 1110 
{RIE}- 1211 


rrr ra neers 
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Fig. 363: f300 
termination 
condition= optional snemonic eeee 
(escape 
condition) 
<R3 LTU less than (unsigned) 0000 
>R3 GEU giedter or equal (unsigned) 0001 
=R3 EQ equal 0010 
#R3 NE not equal 0011 
<R3 LT less than (signed) 0100 
2R3 GE greater or equal (signed) 0101 
no termination N never (or having no option) 0110 
condition 
{RIE} 0111 
<R3.or.>R4 OULTU out of (unsigned) <<L2>> 1000 
2R3.and.<R4  WINU within (unsigned) - <<L2>> 1001 
2R3.or.=R4 OEFQ or, equal <<L2>> 1010 
#R3.and.4R4 ANE and, not equal <<L2>> 1011 
<R3.or.>R4 OUT out of (signed) <<L2>> 1100 
DR3.and.<R4 = WIN within (signed) | €<L2>> 1101 
=0 Zz zero <<L2>> 1110 
=R3.or.=0 zE zero, equal <<L2>> 1111 


Eee semen gmnnnnneres ea eer em 
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Fig. 364: 


| 392 39! 





termination 
condition= optional mnemonic condition of 
{escape M_flag=1 
condition) ; 

<R3.or.>R4 OUTU out of (unsigned) 2R4 

=R3.or.=R4 OEQ or, ‘equal =R4 

<R3.or.2R4 OUT out of (signed) 2R4 

=0 Zz zero =0 (always) 
=R3.or.=0 ZE zero, equal =0 


ra ren rss 


U.S. Patent Apr. 6, 1993 Sheet 208 of 213 5,201,039 


Fig. 365: 


Ds 


operation result of src=0, dest=0 is placed in bit 0 
operation result of src=0,.dest=1 is placed in bit 1 
operation result of src=1, dest=0 is placed in bit 2 
operation result of src=], dest=] is placed in bit 3 


0000 F False O==> dest 
0001 NAN NotAndNot “dest.and.“srce==> dest | 
0010 AN AndNot dest.and. src==> dest 

| 0011 NS NotSre “src==> dest 
0100 NA _ NotAnd “dest.and.src==> dest 
0101 ND NotDest “dest==> dest 
0110 X Xor dest.xor.src==> dest 


0111 NON NotOrNot “dest.or. src==>dest 


1000 A And dest.and.src==> dest 
1001 NX NotXor “dest.xor.src==> dest 
1010 D Dest dest==> dest 

1011 ON OrNot dest.or. “src ==> dest 
1100 § Src src==> dest 

1101 NO NotOr “dest.or.src==> dest 
1110 0 Or dest.or.src==> dest 


1111 =T True j==> dest 
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Fig. 366 (a): 4 





(1) objective 
general Rn #imm @SP+ @-SP additional instruction 





EaA 0 X x Xx X 0 ACS, JMP, JSR, 
LDATE, MOVA:G, 
PUSHA, MOVPA, 
PSTLB, STATE 


EadA!tA O Xx x X X X LDCTX 





EaM oO 0 xX xX xX Oo ADD:E, ADD:G, 
DIV:E, DIV:G, 
DIVU:E, DIVU:G, 
SHKA:E, SHA:G, 
etc. 


ShM ADD:1, ADD:Q@, 
SHA:C, OR:I, 


EaMX SHXL, SHXR 
EaMR DIVX, MULX 

(2) 
EaMf O 0 x xX X e) BCLR:E, BCLR:G, 


BNOT:E, BNOT:G, 
BSET:E, BSET:G 


ShMfq O 0) x X X 0 BCLR:Q@, BSET:@ 


EaMbf O <<L2>> XX X xX 0 BFINS:E:I, 
BFINS: E:R, 
BFINSU:E:1I,. 
BFINSU:E:R, 
BFINS:G:1, 
BFIXNS:G:R, 
BFINSU:G:1, 
BFINSU:G:R 
objective 
general Rn f#ise @SP+ @-SP additional instruction 


pS SEE eS 
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Fig. 366 (b): 394 


/ 





objective 
general Rn #imm @SP+ @-SP additional instruction 





EaMfi O xX xX x x oO BCLRI:E, 
BCLRI:G, 
BSETI:E, 
BSETI:G 

ShMfqi 0 xX X Xx x 0 BSETI:@ 

EaMiR O X _& X xX 0 CSI 

EaMqP 0 x X x x 0 QINS 

EaMqp2 QINS 

EaR 0 (@) 0 O X 0) ACB:G, ADD:G, 
ADDDX:G, ADDU:G, 
ADDX:G 


AND:G,-BCLR:G, 
BSET:G, etc. 


EaRh LDPSB, LDPSM 
ShR CMP:L, MOV:L 
ShRw ADD:L, SUB:L 
EaR2 0 o Oo 60 X it) INDEX 

EaRX ACB:E, ACB:G, 


SCB:E, SCB:G 





objective 
general Rn #imm @SP+ @-SP additional] instruction 
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394 





general Rn #inn e@sP+ @-SP additional 


objective 
instruction 





ShR!I 


EaRX% O 


EaRdR O 


EaRgP O 


EaRf 0 


ShRfq 0 


EaRbf 0 


Xx 


<CL2>> 


X 


’ LDM 


PUSH 


CMP:E, CMP:G, 
CMPU:E, CMPU:G, 
CMP:Z 


CMP:1, CMP:Q 


STC, STP 


CHK 
QDEL 


BTST:E, BTST:G 


BTST:Q 


BFCMP:E:1, 
BFCMPU:E:I, 
BFCMP:E:R, 
BFCMPU:E:R, 
BFEXT:E, 
BFEXTU:E, 
BFCMP:G:I, 
BFCMPU:G:1, 
BFCMP:G:R, 
BFCMPU:G:R, 
BFEXT:G, 
BFEXTU:G 





general 


Rn #iam @SP+ @-SP additiona] 


objective 
instruction 
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Fig. 366 (d): 


394 
f 





general Rn #imm @SP+ @-SP additional 


objective 
instruction 





EaR'M X oO Oo xX Xx x 


EaRh!M 


Eawh 


Eak!S 0 0 x xX x ) 


EaWal O x X xX oO Xx 


EaWx 0 Xx xX Xx Xx 8) 


EaW¥L O 0 x Xx Xx 0 


ENTER:G, 
EXITD:G 


JRNG:G 

MOV:2Z, MOV:E, 
MOV:G, MOVA:G, 
MOVU:E, MOVU:G 
PACKss, STC, 
STP, UNPKss, 
RVBY, RVBI 
STPSB, STPSM 


MOV:1, MOV:@, 
MOV:S 


MOVPA, STATE, 
QDEL 


STM 


LDC:E, LDC:G 
LDP:E, LDP:G 


POP 





general Rn #imm @SP+ @-SP additional 


objective 
instruction 
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Fig. 366 (e): 
i 394 


(1) ‘general’ includes @abs, @(disp, PC), @(disp, Rn), @Rn. 
(2) In bit operation instruction to the register, offset is 


effective only by low order bit. 
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MULTIPLE ADDRESS-SPACE DATA PROCESSOR 
WITH ADDRESSABLE REGISTER AND CONTEXT 
SWITCHING 
This is a continuation of application Ser. No. 
07/173,501, filed Mar. 24, 1988, now abandoned. 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 

The present invention relates to a data proenor: 

2. Description of the Prior Art 

The address space at the conventional data processor, 
as shown in FIG. 1, comprises a memory storing therein 
programs and data; Internal registers in the processor 
are not mapped in the address space. In this case, it is 
required in accessing each register to use a particular 
instruction or specify the register, thereby not control- 
ling each register in a unified manner and creating a 
problem in expansibility (problem 1). 

Context switching of the conventional data processor 
is operated between the processor and a saving area in 
an external memory. In this case context switching 
takes much time. If the saving area is allotted to a partic- 
ular high-speed memory to avoid this problem, the 
linearity of address space is deteriorated as shown in 
FIG. 2-(B) (problem 2). 

Furthermore, in the conventional data processor, 
context switching is operated in batch with respect to 
all the contexts, thereby creating a problem in that even 
a register needless of switching is switched (problem 3). 


SUMMARY OF THE INVENTION 


In order to solve the above problems, the present 
invention has been designed. The first object thereof is 
to provide a data processor which is provided with an 
address space comprising control registers, thereby 
enabling all the control registers to be accessed in batch 
by addressing. 

The second object of the invention is to provide a 
data processor which enables byte address with respect 
to the address space of the control register, thereby 
enabling the register and memory to be accessed by the 
same addressing method and facilitating the correspon- 
dence to extension, such as variation in register width. 

The third object of the invention is to provide a data 
processor which adds a memory stored in a main pro- 
cessor to the address space comprising the control reg- 
ister, thereby enabling a high speed space for particular 
use to be obtained. 

The fourth object of the invention is to provide a data 
processor which allots the context saving area at the 
processor to said space, thereby enabling high speed 
context switching. 

The fifth object of the invention is to provide a data 
processor which makes the context variable so as to 
effectively utilize the restricted space. 

The sixth object of the invention is to provide a data 
processor which makes the context variable so as to 
omit needless context switching, thereby providing 
context switching at high speed. 

The data processor of the present invention is first 
characterized in that it has a first address space which 
byte-addresses a memory storing therein programs and 
data and a second address space different from the first 
address space so that a register is mapped by byte ad- 
dress at part of the second address space, thereby ac- 
cessing the register by the byte address. The data pro- 
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cessor of the present invention can similarly address- 
specify the register and memory, thereby enabling the 
unified control by software. 

The data processor of the present invention is se- 
condly characterized in that it has a main processor, a 
co-processor, a first address space which byte-addresses 
& memory storing therein programs and data, and a 
second address space different from the first address 
space, so that a register is mapped by byte address in 
part of the second address space, the register is accessed 
by the byte address, and registers at the co-processor 
are mapped, by a byte address, to the second address 
space. 

The data processor of the present invention is thirdly 
characterized in that it has a third address space which 
byte-address a memory storing therein programs and 
data and a fourth address space different from the third 
address space, and by having an instruction to save the 
context of the processor to the fourth address space and 
the same to restore the context from the fourth address 
space. 

The data processor present invention is fourthly char- 
acterized in that it has a third address space which byte- 
addresses a memory storing therein programs and data 
and a fourth address space different from the third ad- 
dress space, and further has an instruction to save the 
context of the processor to the fourth address space, the 
same to restore the context from the fourth address 
space, the same to selectively specify the third or fourth 
address space so as to save the context at the processor, 
and the same to selectively specify the third or fourth 
address space to restore the context. 

Furthermore, the data processor of the present inven- 
tion is fifthly characterized in that it has an instruction 
to save the context at the processor and the same to 
restore the context, thereby specifying the format of the 
context to be variable. 

The above and further objects and features of the 
invention will more fully be apparent from the follow- 
ing detailed description with accompanying drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is an illustration of address space of the con- 
ventional data processor, 

FIG. 2A) and 2(B) are illustrations of the conven- 
tional context switching, 

FIG. 3 and 4 are illustrations of address spaces at a 
data processor of the present invention, 

FIG. § is an illustration of the context at the data 
processor of the present invention, and 

FIG. 6 is an illustration of operation of PSW at the 
data processor of the present invention, 

FIG. 7 is an illustration of a register set of the same, 

FIG. 8 is an illustration of data type of bits of the 
same, 

FIG. 9 is an illustration of data type as to a bit field of 
the same, 

FIG. 10 is an illustration of data type as to the bit field 
of unsigned number of the same, 

FIG. 11 is an illustration of data type as to the integer 
of the same, 

FIG. 12 is an illustration of data type as to the deci- 
mal number of the same, 

FIG. 13 is an illustration of data type as to a string of 
the same, ; 

FIG. 14 is an illustration of data type as to a queue at 
the same, 
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FIG. 15 is an illustration exemplary of description of 
the instruction format of the same, 

FIG. 16 shows a bit pattern thereof, 

FIG. 17 shows an instruction format of the data pro- 
cessor of the invention respectively, 5 

FIG. 18 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 19 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 20 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 21 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 22 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 23 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 24 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 25 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 26 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 27 shows an instruction format of the data pro- 
cessor of the invention respectively, 

FIG. 28 shows the format of the addressing mode of 
the data processor of the present invention, 

FIG. 29 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 30 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 31 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 32 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 33 shows the format of an addressing "node of 
the data processor of the present invention, 

FIG. 34 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 35 shows the format of an addressing mode of 40 
the data processor of the present invention, 

FIG. 36 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 37 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 38 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 39 shows the format of an addressing mode of 
the data processor of the present invention, 

FIG. 40 is an illustration exemplary of arrangement 50 
of local variations of the same, 

FIG. 41 shows the format of the addressing mode of 
the same, 
FIG. 42 shows the format of the addressing mode of 
the same, 55 
FIG. 43 shows the format of the addressing mode of 
the same, 

FIG. 44 shows the format of the addressing mode of 
the same, 

FIG. 45 is an illustration of cautioun at the instruction 60 
MOV, 

FIG. 46 shows the format of PSW, 

FIG. 47 shows the format of PSS, 

FIG. 48 shows the format of PSH, 

FIG. 49 shows the format of description example of 65 
the instruction set, 

FIG. 50-(a) shows the format of instruction MOV, 

FIG. 50-(b) is an illustration of status flags thereof, 
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51 shows the format of instruction MOVU, 

52 is an illustration of the flag change thereof, 

53 shows the format of instruction PUSH, 

54 is an illustration of the flag change thereof, 

55 shows the format of instruction POP, 

56 is an illustration of the flag change, 

57 shows the format of the instruction LDM, 

58 is an illustration of the flag change thereof, 

59 is an illustration of bit map specifying, 

60 shows the format of an instruction STM, 

61 is an illustration of flag change thereof, 

62 is an illustration of the bit map specifying, 

63 is an illustration of the bit map specifying, 

64 shows the format of the instruction MOVA, 

65 is an illustration of flag change thereof, 

66 shows the format of instruction PUSHA, 

67 is an illustration of flag change thereof, 

68 shows the format of instruction CMP, 

69 is an illustration of flag change thereof, 

70 shows the format of instruction CMPU, 

71 is an illustration of flag change thereof, 

72 shows the format of instruction CHK, 
FIG. 73 is an illustration of flag change thereof, 
FIG. 74 is an illustration of operation by the instruc- 

tion CHK, . 

FIG. 75 shows the format of instruction ADD, 
FIG. 76 is an illustration of flag change, 

FIG. 77 shows the format of instruction ADDU, 
FIG. 78 is an illustration of flag change thereof, 
FIG. 79 shows the format of instruction ADDX, 
FIG. 80 is an illustration of flag change thereof, 
FIG. 81 shows the format of instruction SUB, 
FIG. 82 is an illustration of flag change thereof, 
FIG. 83 shows the format of instruction SUBU, 
FIG. 84 is an illustration of flag change thereof, 
FIG. 85 shows the format of instruction SUBX, 
FIG. 86 is an illustration of flag change thereof, 
FIG. 87 shows the format of instruction MUL, 
FIG. 88 is an illustration of flag change thereof, 
FIG. 89 shows the format of instruction MULU, 
FIG. 90 is an illustration of flag change thereof, 
FIG. 91 shows the format of instruction MULX, 
FIG. 92 is an illustration of flag change thereof, 
FIG. 93 shows the format of instruction DIV, 
FIG. 94 is an illustration of flag change thereof, 
FIG. 95 shows the format of instruction DIVU 
FIG. 96 is an illustration of flag change thereof, 
FIG. 97 is a view showing the format of instruction 

DIVX, 

FIG. 98 is an illustration of flag change thereof, 
FIG. 99 is a view of format of instruction REM, 
FIG. 100 is an illustration of flag change thereof, 
FIG. 101 is a view of the format of instruction 

REMU, 

FIG. 102 is an illustration of flag change thereof, 
FIG. 103 is a view of the format of instruction NEG, 
FIG. 104 is an illustration of flag change thereof, 
FIG. 105 is a view of the format of instruction 
INDZX, 
FIG. 106 is an illustration of flag change thereof, 
FIG. 107 is a view of the format of instruction AND, 
FIG. 108 is an illustration of flag change thereof, 
FIG. 109 is a view of the format of instruction OR, 
FIG. 110 is an illustration of flag change thereof, 
FIG. 111 is a view of the format of instruction XOR, 
FIG. 112 is an illustration of flag change thereof, 
FIG. 113 is a view of the format of instruction NOT, 
FIG. 114 is an illustration of flag change thereof, 
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FIG. 115 is a view of the format of instruction SHA, 

FIG. 116 is an illustration of flag change thereof, 

FIG. 117 is an illustration of the left-side shift, 

FIG. 118 is an illustration of the right-side shift, 

FIG. 119 is a view of the format of instruction SHL, 

FIG. 120 is an illustration of flag change thereof, 

FIG. 121 is an illustration of the left-side shift, 

FIG. 122 is an illustration of the right-side shift, 

FIG. 123 is a view of the format of instruction ROT, 

FIG. 124 is an illustration of flag change thereof, 

FIG. 125 is an illustration of counterclockwise rota- 
tion, 

FIG. 126 is an illustration of clockwise rotation, 

FIG. 127 is a view of the format of instruction SHXL, 

FIG. 128 is an illustration of flag change thereof, 

FIG. 129 is a view of the format of instruction 
XHXL, 

FIG. 130 is an illustration of flag change thereof, 

FIG. 131 is a view of the format of instruction 
SHXR, 

FIG. 132 is a view of the format of instruction 
SHXR, 

FIG. 133 is a view of the format of instruction 
RVBY, ; 

FIG. 134 is an illustration of flag change thereof, 

FIG. 135 is a view of the format of instruction RVBI, 

FIG. 136 is an illustration of flag change thereof, 

FIG. 137 is an illustration of bit operation instruction, 

FIG. 138 is an illustration of bit operation instruction, 

FIG. 139 is a view of the format of instruction BTST, 

FIG. 140 is an illustration of flag change thereof, 

FIG. 141 is a view of the format of instruction BSET, 

FIG. 142 is an illustration of flag change thereof, 

FIG. 143 is a view of the format of instruction BCLR, 

FIG. 144 is an illustration of flag change thereof, 

FIG. 145 is a view of the format of instruction 
BNOT, 

FIG. 146 is an illustration of flag change thereof, 

FIG. 147 is a view of the format of instruction BSCH, 

FIG. 148 is an illustration of flag change thereof, 

FIG. 149 is an illustration of fixed length bit field 
operation instruction, 

FIG. 150(a) and 150(5) are a view of the format of 
instruction of bit field instruction, 

FIG. 151 is a view of the format of instruction 
BFEXT, 

FIG. 152 is an illustration of flag change thereof, 

FIG. 153 is a view of the format of instruction 
BFEXTU, 

FIG. 154 is an illustration of flag change thereof, 

FIG. 155 is a view of the format of instruction 
BFINS, 

FIG. 156 is an illustration of flag change thereof, 

FIG. 157 is a view of the format of instruction 
BFINSU, 

FIG. 158 is an illustration of flag change thereof, 

FIG. 159 is a view of the format of instruction 
BFCMP, 

FIG. 160 is an illustration of flag change thereof, 

FIG. 161 is a view of the format of instruction 
BFCMPU, 

FIG. 162 is an illustration of flag change thereof, 

FIG. 163(a) and 163(d) are a view of the format of 
instruction BVSCH, 

FIG. 164 is an illustration of flag change thereof, 

FIG. 165 is a view of the format of instruction 
BVMAP, 

FIG. 166 is an illustration of flag change thereof, 
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6 
FIG. 167 is a view of format of instruction BVMAT, 
FIG. 168 is a view of format of instruction BVMAT, 
FIG. 169 is a view of format of instruction BVMAT, 
FIG. 170 is a view of the format of instruction 
BVCPY, 
FIG. 171 is an illustration of flag change thereof, 
FIG. 172 is a view of the format of instruction 
BVPAT, 
FIG. 173 is an illustration of flag change thereof, 
FIG. 174 is a view of the format of instruction 
ADDDx, 
FIG. 175 is an illustration of flag change thereof, 
FIG. 176 is a view of the format of instruction 
SUBDX, 
FIG. 177 is an illustration of flag change thereof, 
FIG. 178 is a view of the format of instruction 
PACKss, 
FIG. 179 is an illustration of flag change thereof, 
FIG. 180 is a view of the format of instruction 
UNPKss, 
FIG. 181 is an illustration of flag change thereof, 
FIG. 182 is an illustration of instruction UNPKss, 
FIG. 183 is an illustration of termination condition, 
FIG. 184 is a view of the format of instruction 
SMOV, 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
FIG. 
SSTR, 
FIG. 
FIG. 
FIG. 
FIG. 


185 is an illustration of flag change thereof, 
186 is an illustration of instruction SCMP, 

187 is an illustration of flag change thereof, 
188 is an illustration of flag change thereof. 
189 is a view of the format of instruction SSCH, 
1990 is an illustration of the flag change thereof, 
191 is a view of the format of the instruction 


192 is an illustration of the flag change thereof, 
193 is a view of the format of instruction QINS, 
194 is an illustration of the flag change thereof, 
195 is an illustration of the instruction QINS, 
FIG. 196 is an illustration of the instruction QINS, 
FIG. 197 is an illustration of the instruction QINS, 
FIG. 198 is a view of the format of instruction 
QDEL, 
FIG. 199 is an illustration of the flag change thereof, 
FIG. 200 is an illustration of the instruction QDEL, 
FIG. 201 is an illustration of the instruction QDEL, 
FIG. 202 is an illustration of the instruction QDEL, 
FIG. 203(a) and 203(6) are a view of the format of 
instruction QSCH, 
FIG. 204 is an illustration of the flag change thereof, 
FIG. 205(a) and 205(5) are an illustration of the in- 
struction QSCH, 
FIG. 206 is an illustration of the instruction QSCH, 
FIG. 207 is an illustration of the instruction QSCH, 
FIG. 208 is a view of the format of instruction BRA, 
FIG. 209 is an illustration of the flag change thereof, 
FIG. 210 is a view of the format of instruction Bcc, 
FIG. 211 is an illustration of the flag change thereof, 
FIG. 212 is an illustration of the detail and mnemonic 
of the portions, 
FIG. 213 is a view of the format of instruction BSR, 
FIG. 214 is an illustration of the flag change thereof, 
FIG. 215 is a view of the format of instruction JMP, 
FIG. 216 is an illustration of the flag change thereof, 
FIG. 217 is a view of the format of instruction JSR, 
FIG. 218 is an illustration of the flag change thereof, 
FIG. 219 is a view of the format of instruction ACB, 
FIG. 220 is an illustration of the flag change thereof, 
FIG. 221 is a view of the format of instruction SCB, 
FIG. 222 is an illustration of the flag change thereof, 
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FIG. 223 is a view of the format of instruction EN- 

TER, 

FIG. 224 is an illustration of the flag change thereof, 
FIG. 225 is an illustration of the instruction ENTER, 
FIG. 226 shows the format of instruction EXITD, 
FIG. 227 is an illustration of the flag change thereof, 
FIG. 228 is an illustration of the instruction EXITD, 
FIG. 229 is a view of the format of instruction RTS, 
FIG. 230 is an illustration of the flag change thereof, 
FIG. 231 is a view of the format of instruction NOP, 
FIG. 232 is an illustration of the flag change thereof, 
FIG. 233 is a view of the format of instruction PIB, 
FIG. 234 is an illustration of the flag change thereof, 
FIG. 235 is a view of the format of instruction 

BSETI, 

FIG. 236 is an illustration of the flag change thereof, 
FIG. 237 is a view of the format of instruction 
BCLRI, 
FIG. 238 is an illustration of the flag change thereof, 
FIG. 239 is a view of the format of instruction CSI, 
FIG. 240 is an illustration of the flag change thereof, 
FIG. 241 is a view of the format of instruction LDC, 
FIG. 242 is an illustration of the flag change thereof, 
FIG. 243 is a view of the format of instruction STC, 
FIG. 244 is an illustration of the flag change thereof, 
FIG. 245 is a view of the format of instruction 

LDPSB, 

FIG. 246 is an illustration of the flag change thereof, 
FIG. 247 is a view of the format of instruction 

LDPSM, 

FIG. 248 is an illustration of the flag change thereof, 
FIG. 249 is a view of the format of instruction 

STPSB, 

FIG. 250 is an illustration of the flag change thereof, 
FIG. 251 is a view of the format of instruction 

STPSM, 

FIG. 252 is an illustration of the flag change thereof, 
FIG. 253 is a view of the format of instruction LDP, 
FIG. 254 is an illustration of the flag change thereof, 
FIG. 255 is a view of the format of instruction STP, 
FIG. 256 is an illustration of the flag change thereof, 
FIG. 257 is a view of the format of instruction JRNG, 
FIG. 258 is an illustration of the flag change thereof, 
FIG. 259 is an illustration of the instruction 

FIG. 260 is an illustration of the instruction JRNG, 

FIG. 261 is an illustration of the instruction JRNG, 

FIG. 262 is an illustration of the instruction JRNG, 

FIG. 263 is an illustration of the instruction JRNG, 

FIG. 264 is an illustration of the instruction JRNG, 

FIG. 265 is a view of the format of instruction 

RRNG, 

FIG. 266 is an illustration of the flag change thereof, 
FIG. 267 is an illustration of the instruction RRNG, 
FIG. 268 is an illustration of the instruction RRNG, 
FIG. 269 is an illustration of the instruction RRNG, 
FIG. 270 is a view of the format of instruction 

TRAPA, 

FIG. 271 is an illustration of the flag change thereof, 
FIG. 272 is a view of the format of instruction 

TRAP, 

FIG. 273 is an illustration of the flag change thereof, 
FIG. 274 is a view of the format of instruction REIT, 
FIG. 275 is an illustration of the flag change thereof, 
FIG. 276 is an illustration of the instruction REIT, 

FIG. 277 is a view of the format of instruction 

WAIT, 

FIG. 278 is an illustration of the flag change thereof, 
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FIG. 279 is a view of the format of instruction 
LDCTX, 
FIG. 280 is an illustration of the flag change thereof, 
FIG. 281 is a view of the format of instruction 


§ STCTX, 


FIG. 282 is an illustration of the flag change thereof, 
FIG. 283 is a view of the format of instruction ACS, 
FIG. 284 is an illustration of the flag change thereof, 
FIG. 285 is a view of the format of instruction 


10 MOVPA, 


FIG. 286 is an illustration of the flag change thereof, 

FIG. 287 is a view of the format of instruction 
MOVPA, 

FIG. 288 is a view of the format of instruction 


15 MOVPA, 


FIG. 289 is an illustration of instruction LDATE, 

FIG. 290 is an illustration of the flag change thereof, 

FIG. 291 is an illustration of the flag change thereof, 

FIG. 292 is a view of the format of instruction 
STATE, 

FIG. 293 is an illustration of the flag change thereof, 

FIG. 294 is an illustration of the flag change thereof, 

FIG. 295 is a view of the format of instruction PTLB, 

FIG. 296 is an illustration of the flag change thereof, 

FIG. 297 is a view of the format of instruction 
PSTLB, 

FIG. 298 is an illustration of the flag change thereof, 

FIG. 299 is an illustration of an AT field, 

FIG. 300 is an illustration of an AT field, 

FIG. 301 shows the memory map relative to the 
logical address extension of the invention. 

FIG. 302 shows the memory map relative to the 
logical address extension of the invention, 

FIG. 303 is an illustration of the flag change in the 
data transfer instruction, 

FIG. 304 is an ill stration of the flag change in the 
comparison test instruction, 

FIG. 305 is an illustration of the flag change of the 
arithmetic operation instruction, . 

FIG. 306 is an illustration of the flag change in the 
logical operation instruction, 

FIG. 307 is an illustration of the flag change in the 
shift instruction, 

FIG. 308 is an illustration of the flag change in the bit 
control instruction, 

FIG. 309 is an illustration of the flag change in the 
fixed table bit field instruction, 

FIG. 310 is an illustration of the flag change in the 
fixed table bit field construction, 

FIG. 311 is an illustration of the flag change in the 
free table bit field, 

FIG. 312 is an illustration of the flag change in the 
decimal] number operation instruction, 

FIG. 313 is an illustration of the flag change in the 
string instruction, 

FIG. 314 is an illustration of the flag change in the 
queue control instruction, 

FIG. 315 is an illustration of the flag change in the 
jump instruction, 

FIG. 316 is an illustration of the flag change in the 
multiprocessor instruction, 

FIG. 317 is an illustration of the flag change in the 
control space and physical space control instruction, 

FIG. 318 is an illustration of the flag change in the OS 
relevant instruction, 

FIG. 319 is an illustration of the flag change in the 
MMU relevant introduction, 

FIG. 320 is an illustration of subroutine call, 
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321 is an illustration of stack frame, 
322 is an illustration of instruction sequence, 
323 is an illustration of instruction sequence, 
324 is an illustration showing a program exam- 
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325 is an illustration of subroutine call, 
326 is an illustration of control space, 
327 is a view of the format of PSW, 

328 is a view of the format of IMASK, 
329 is a view of the format of SMRNG, 
330 is a view of the format of CTXBB, 
331 is a view of the format of DI, 

332 is a view of the format of CSW, 

333 is a view of the format of DCE, 

334 is a view of the format of CTXBFM, 
335 is a view of the format of EITVB, 
336 is a view of the format of JRNGVB, 
337 is a view of the format of SPO to SP3, 

FIG. 338 is a view of the format of SP1, 

FIG. 339 is a view of the format of IOADDR and 
10MASK, 

FIG. 340 is a view of the format of UATB, 

FIG. 341 is a view of the format of SATB, 

FIG. 342 is a view of the format of LSID, 

FIG. 343 is a view of the format of CTXB, 

FIG. 344 is a view of the format of CTXBFM, 

FIG. 345 is a view of the format of EITVTE, 

FIG. 346 is an illustration of stack frame, 

FIG. 347 is a view of the stack format of EIT, 

FIG. 348 is a view of the stack format of EIT, 

FIG. 349 is a view of the format of 10 INF, 

FIG. 350(a), 350(6), 350(c), and 350(d) are a vector 
table of EIT, 

FIG. 351 is an illustration of IRNG, 

FIG. 352 is an illustration of EIT, 

FIG. 353 is an illustration of EIT, 

FIG. 354 is an illustration of IMASK, 

FIG. 355 is an illustration of system call, 

FIG. 356 is an illustration of system call, 

FIG. 357 is an illustration of DCE, 

FIG. 358 shows comparison of DCE, DI and EI with 
each other, 

FIG. 359 is an illustration of an example of the use of 
DCE, 

FIG. 360(2), 360(b), 360(c), 360(d), 360(e), 360(/), 45 
360(g), 360(h), 360(/), 360(/), 360(k), 360()), 360(7m), 
360(7), and 360 (0) are a view of bit allocation, 

FIG. 361(a), 361(4), 361(c), 361(d), and 361(e) show 
an index of operand field names, 

FIG. 362 shows the cecc allocation, 

FIG. 363 shows eeee allocation, 

FIG. 364 is an illustration of M-flag, 

FIG. 365 is a view of operation code of the BVMAP 
instruction, 

FIG. 366(a), 366(b), 366(c), 366(d), and 366(e) are a 55 


view correspondent to the addressing mode. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


The characteristic of the data processor of the inven- 60 
tion will be summarized as below. 

The data processor having the first and second char- 
acteristics of the present invention, as shown in FIG. 3, 
has a first address space for byte-addressing a memory 
storing therein programs and data and a second address 65 
space which maps an internal register at the processor 
of the present invention and can specify the address in 
units of bytes. The register and memory can similarly 
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10 
specify addresses and control them in a unified manner. 
Also, it facilitates adding to the register and corre- 
sponds to expansion of the co-processor to be housed in 
the main processor, thereby solving problem 1. 

Next, the data processor of the present invention 
having the third and fourth characteristics, as shown in 
FIG. 4, has the first address space which byte-addresses 
a memory storing therein programs and data and a third 
address space, separate from the first address space, for 
mapping a context saving area by byte address, and has 
an instruction to selectively specify the third address 
space to save and restore the context. Hence, for exam- 
ple, a memory containing therein chips is mapped in the 
third space and the third space is specified as the context 
saving area to save or restore the context, thereby en- 
abling high speed context switching, in which there is 
no need at all for limiting the first space. The reason for 
enabling the space at the context saving area to be byte- 
addressed is that mismatching in addressing caused by a 
difference between the spaces is avoided and that corre- 
spondence to expansion of the width of each register 
forming the context is considered. Thus, the second 
problem can be solved by the data processor of the 
present invention. 

The data processor of the present invention having 
the fifth characteristic, as shown in FIG. 5, has an in- 
struction for dividing the context of the processor into 
plural parts so as to selectively save and restore each 
part. The selected context structure is called the context 
format, which is adapted to be specified through dispo- 
sition of the bits in registers. In the example shown, the 
contest is divided into three: a control register context, 
a general purpose register context, and a co-processor 
context. In this example, bits relating to the control 
register context and general purpose register context 
are turned-on at a register for specifying context format 
and the bit relating to the co-processor is off at that 
register. 

Thus, the data processor of the present invention can 
solve the third problem, thereby providing context 
switching at high speed and restriction of the saving 
area. 

Furthermore, accessing a particular field at the con- 
trol register, must be carried out while preserving val- 
ues of other fields, whereby when access is frequent, the 
load may increase. Therefore, the data processor of the 
present invention maps the particular field of the con- 
trol register onto a separate register to thereby make 
access to the particular field effective and safe. 

PSW is shown in FIG. 6 as an example of a control 
register and an explanation will be given of the opera- 
tion of changing its particular field. An IMASK field, 
often separately accessed is picked up from the PSW 
registers to form a separate IMASK register. When the 
IMASK field at PSW is intended to change, PSW can 
be changed only by writing into the IMASK register, 
by the MOV instruction, the content of memory having 
an objective bit array at the objective bit field or the 
content of a register as shown in the drawing. In this 
way, when the IMASK register is accessed, fields other 
than the IMASK field at PSW are protected. 

The data processor of the present invention will be 
fully explained in detail hereunder. 

As the following description is voluminous, a table of 
contents is attached thereto and the matters requiring 
detailed description are entered in the appendix, the 
subject of the invention being detailed in the appendix 7. 
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1. Features of The Data Processor of the Present 
Invention (The Data Processor of the Present 
Invention) 


1-1 Basic Design Concept 

The data processor of the present invention is not 
RISC. The first target of The data processor of the 
present invention is to execute basic instructions at a 
high speed. In addition, high level instructions are 
added. . 

The data processor 32 of the present invention, which 
is a 32-bit microprocessor, and the data processor 64 of 
the present invention, which is a 64-bit microprocessor, 
have been developed at the same time as a series. From 
the beginning, the expandability to 64-bit addressing has 
been considered. 

The data processor of the present invention series has 
been developed along with the OS, so that I-TRON 
(industrial-TRON), which is a real time OS, and B- 
TRON (business-TRON), which is a work-station type 
OS, can be executed at a high speed. The data processor 
of the present invention meets the data processor of the 
present invention <<L1R> > specification. In partic- 
ular, it is focused on the high-speed processing in a real 
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storage environment, i.e., virtual memory is not sup- 
ported. 

The data processor of the present invention is a mi- 
croprocessor which will become the core of an ASIC 
LSI. 

1-2 OS Oriented Architecture 

Bit Map Operation Supporting Instructions: 

Instructions which serve to move and operate the bit 
map necessary for B-eTRON 

Context Switch Instructions: 

Instructions which serve to switch tasks for - TRON 
at a high speed : 

Queue Operation Instructions: 

Instructions which serve to operate the ready queue 
and wait queue for -TRON 

Memory Management Using 2-Level Ring Protec- 
tion: 

Extra 2-level ring is provided for future expansion. 

1-3 Instruction Set Being Tuned 

The instruction set is tuned so that frequently used 
instructions and addressing modes can be described in a 
short format: 

Shortening the length of the instructions for opera- 
tion between registers and of those for the literal opera- 
tion. 

1-4 Instruction Set for Compiler 

Instruction set being orthogonalized 

16 general-purpose registers used for various pur- 
poses such as storing data, addresses and index values. 

Sophisticated addressing mode: 

Additional mode allows index addition and indirect 
reference in any level. 

Arithmetic operations between different size data 
sets: Different sizes can be specified for the source oper- 
and and destination operand. 

Sophisticated jump instructions suitable for high level 
languages 


2. The Data Processor 32 of the Present Invention and 
The Data Processor 64 of the Present Invention 


The data processor of the present invention has a 
32-bit version, the data processor32 of the present in- 
vention, and a 64-bit version, the data processor64 of 
the present invention. From the beginning, expandabil- 
ity to the 64-bit version has been considered. The data 
processor of the present invention64 can handle 64-bit 
integers in addition to the data types handled by the 
data processor 32 of the present invention. 

The 32-bit mode/64-bit mode of the data processor64 
of the present invention is switched in the following 
manner: 

Data Size of Operand 

The 32-bit mode/64-bit mode is selected using the 
size specification bit which exists in each instruction and 
operand. It is also possible to use an 8-bit mode or a 
16-bit mode. The data size is selected from the four 
types from a two bit field. 

The data processor 32 of the present invention does 
not handle 64-bit data. Consequently, if the 64-bit data 
size is specified, the instruction in use is treated as an 
error. 

Size of Pointer 

Normally, the data processor 32 of the present inven- 
tion uses a 32-bit pointer, while the data processor 64 of 
the present invention uses a 64-bit pointer. However, 
since the data processor 64 of the present invention 
executes an object code for the data processor 32 of the 
present invention, it provides a mode which changes the 
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pointer size to 32 bits. Since this mode is specified in 
PSW, it is possible to use a 32-bit type program and 
64-bit type program in a context (process or task). 

As an extension bit for 64-bit addressing, a reserved 
bit named “P bit” is provided every operand which 
accesses the memory. 

Due to the following reasons, the 32-bit size/64-bit 
size of the pointer is switched by the mode rather than 
every instruction. 

It is difficult to use pointers which differ in size, be- 
cause they serve to identify the location. If there is a 
64-bit size pointer together with a 32-bit size pointer, 
the location cannot be identified unless the size of all the 
pointers in 64 bits. Therefore, even if a 32-bit pointer 
and 64-bit pointer are switched in each instruction, the 
same specification is repeated in each context. There- 
fore, its efficiency is low. In such a situation, it is suit- 
able to switch the bit size of the pointer by using the 
mode, rather than in each instruction. 

When the bit size of the pointer is switched between 
32 bits and 64 bits using the mode bit, a question about 
the compatibility between the data processor 32 of the 
present invention and the data processor 64 of the pres- 
ent invention may arise. However, in the structure 
where the bit size of the pointer defaults to 32 bits and 
the mode is changed whenever the 64-bit address is 
used, a program for the data processor 32 of the present 
invention can be directly executed in the data processor 
64 of the present invention. Even if the bit size of the 
pointer is switched in each instruction rather than by 
the mode, OS will know whether the bit size of each 
context is 32 bits or 64 bits to set the stack and to deter- 
mine whether the bit size of the system call parameters 
is 32 bits or 64 bits. A bit size of 32 bits or 64 bits is 
determined by observing the mode in PSW (which is 
stored in the stack). 


3. Classification of The Data Processor Specifications 
of the Present Invention 


The data processor of the present invention provides 
optional implementations to meet various needs such as 
expandability to the 64bit version, serialization, adapt- 
ability to many applications, and so forth. To clarify the 
optional functions of the data processor of the present 
invention, the specifications of the data processor of the 
present invention are classified as follows. 

<<LO> > Specification (Level 0) 

The minimum specification which will satisfy as the 
data processor of the present invention requirements: 
For example, the programming model viewed from the 
user program (most of ISP, general purpose registers 
and PSH), bit pattern in machine language, and so forth. 
Unless otherwise specified, the specification is 
<<LO>>. 

<<Ll>> Specification (Level 1) 

This specification should usually be implemented, 
however, when a processor does not have special re- 
quirements the <<L1>> specification may not al- 
ways need to be implemented. <<L1> > specification 
includes high level functional instructions such as string 
instructions, additional modes, queue operation instruc- 
tions, and bit map instructions. The details of 
<<L1> > instructions will be described separately. 

<<LIR>> Specification (Level 1 Real) 

The <<LIR> > specification excludes the instruc- 
tion rerun function and MMU related functions from 
the <<L1> > specification. This <<L1R> > speci- 
fication is used to effectively operate I-TRON and mi- 
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cro-BTRON with real memory. The instruction set for 
<<LIR> > is nearly the same as that for << <LI>>, 
so the compiler and user program can be used in com- 
mon with <<Ll>>. However, part of the instruc- 
tions relating to MMU (MOVPA and so forth) and OS 
(JRNG and so forth) may not be supported. 

<<L2>> Specification (Level 2) 

This specification will be introduced in accordance 
with an increase of hardware amount in future: 

<<L2> > includes the specification which serves 
to enhance the symmetry of instructions and are newly 
added instructions to <<LO>>, <<Li>> or 
<<LIR> > for high speed operation. 

The former includes the “/B” option of the BVSCH 
instruction, complicated termination conditions of the 
string instruction, additional mode in indefinite stages, 
while the latter includes the INDEX instruction. 

The <<L2>> specification is represented as 
“<<L2>>”. 

<<LX>> Specification (Extension) 

This specification will be introduced for the expan- 
sion to the data processor of the present invention 64. 
Although it has the same content as <<L2>>, it is 
treated as a different class because of the expandability 
to the data processor64 of the present invention. 

The <<LX>> specification is represented as 
“ < <LX> > 3 

<<LU> > Specification (Undefined) 

The specification which will be introduced for the 
future extension: 

At present, the specification details have not been 
determined. 

<<LV> > Specification (Variable) 

The specification which can be freely determined by 
each manufacturer: 

The <<LV>>> specification includes the pin as- 
signment of the chip, specification relating to the level 
and performance of the pipeline, bit pattern assigned to 
each manufacturer, usage of control registers and so 
forth. The bit patterns of the instructions assigned to 
each manufacturer are represented with LV reserved in 
the bit pattern reference. 

<<LA> > Specification (Alternative) 

Although the < <LA> > specification describes the 
standard specification for the data processor of the 
present invention (or will describe it), if necessary, it 
may be changed. However, if the specification is 
changed, the compatibility may be lost. In other words, 
the <<LA> > specification does not assure the com- 
patibility of the data processor of the present invention. 

The <<LA> > specification mainly includes the as 
memory management system, control registers, and part 
of the privileged instructions. The data processor of the 
present invention aims at high speed processing in a real 
storage environment without an MMU. Thus, the data 
processor of the present invention does not support 
most of the <<LA> > specification relating to the 
memory management. 


4, Register Set 12: see FIG. 7. 


The data processor 32 of the present invention pro- 
vides 16 32-bit general purpose registers, while the data 
processor 64 of the present invention provides 16 64-bit 
general purpose registers. 

The stack pointer (SP) and frame pointer (FP) are 
included in the general purpose registers. SP and FR 
are R15 and R14, respectively. 
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The program counter (PC) is not included in the 
general purpose registers. 

The general purpose registers serve to store data and 
base addresses as well as serving as an index register 
which can be used for many purposes. 

A processor status word (PSW) register is provided 
to store the status of the processor. 

SP is switched according to the context (ring number 
or interrupt processing). 

PSW consists of four bytes; the low-order first byte 
(processor status byte, or PSB) is used to indicate the 
status, the low-order second byte (processor status half 
word, or PSH, which is used along with PSB) is used to 
set the user mode, and the two high-order bytes are 
used to indicate the system status. 

The data processor of the present invention is called 
a “big-endian” chip. It assigns 8-bit and 16-bit data in 
the register starting with the LSB side. Thus, an abso- 
lute bit number, irrespective of the data size, cannot be 
defined. A bit number can only defined along with the 
data size. 

8-bit data in the register is assigned 0, 1,..., 7 starting 
with the MSB side. In addition, 16-bit data in the regis- 
ter is assigned 0, 1,..., 15 starting with the MSB side. 
32-bit data in the register is assigned 0, 1,..., 31 starting 
with the MSB side. Consequently, bit position 7 of 8-bit 
data, bit position 15 of 16-bit data, and bit position 31 of 
32-bit data all correspond to the same bit. 

In instructions where the register is used as the desti- 
nation operand, when the data size of the register is 8 
bits or 16 bits, the high-order bytes are not influenced. 
They are not changed to comply with the specification 
of the operation in the memory. To influence the high- 


order bits, use a different data size operation. 
Example 
MOV #11 12345678, RO.W 
MOV #H'aa, ROB 


When the above instructions are performed, RO be- 
comes H'12345é6aa. 

When 8-bit data and 16-bit data are placed in a regis- 
ter, they are assigned from the LSB side. For example: 


MOV.W #H’12345678,R0 
MOV.B #H’aa,RO 
MOV.W #RO,R1 





The result of the above instructions is R 1 = H’123456aa. 
When the same operation is performed for the mem- 


ory with the following instructions, 
MOV.W #H’'12345678, @RO 
MOV.B #H'as, @RO 
MOV.W @RO, R1 


the 8-bit data and 16-bit data are assigned from the MSB 
side, resulting in R1 = H’aa345678. Note that the result 
in the register differs from that in the memory. 

5. Data Type 


The data processor of the present invention uses “big- 
endian”. In other words, when the byte address or bit 
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number is assigned, the smaller number (address) is 
MSB (most significant bit/byte). 
In the big-endian structure, the address of some data 
in the memory differs depending on whether it is treated 


as 8-bit data or 16(32}-bit data. For example, when 
address: N N+1 N+2 N+3 
data: 0 0 0 H’12 


although the content of the address N as 32-bit data is 
‘00000012, (where H’ represents hexadecimal nota- 
tion), when the data of the same content is treated as 
8-bit data, it is necessary to refer to the address N+3. 

However, since 8-bit data and 16-bit data in the regis- 
ter are assigned from the LSB side, they can be treated 
as different size data. For example, 


MOV 
MOV 
MOV 


#0, ROW 
#H'12, ROB 
RO.W, R1.W 


The result becomes R1 = H’00000012. (For the meaning 
of the instructions, see the related chapter.) 

On the other hand, when the same operation is per- 
formed for the memory. 


MOV #0, @ROW 
MOV #112, @RO.B 
MOV @RO.W, RI.W 


cause the 8-bit data H’12 and MSB of the 32-bit data to 
be matched, resulting in R1=H’12000000. 

The data types that the data processor of the present 
invention supports are as follows. 

5-1 Bit 

The relates bit 14 is indicated in FIG. 8. In the case of 
the bit operation in the memory, offset can be freely 


In the case of the bit operation in the register, offset 
can be limited in one register (the upper bits of the offset 
is ignored). 

The bit is assigned using a set of base_address, size of 
base_address and offset. 

When a bit in the memory is assigned, MSB of the 
memory address represented by base—address is the bit 
of offset=0. At the time, the assignment of the size of 
base—address does not influence the bit which is actu- 
ally operated. For the bit operation instruction, to as- 
sign the access size for the read-modify-write operation 
for the memory, the size of base__address is assigned. 
However, the access size does not depend on the bit 
actually operated. 

On the other hand, when a bit in the register is as- 
signed, MSB in the data size which is assigned as the 
size of base_address is the bit of offset=0. The bit 
actually operated depends on the size of base_address. 

5-2 Bit Field 

Signed bit field 

The related bit field 16 is indicated in FIG. 9. 

O0<widthS 32 (< <LX>>0< width 364) 

S: Signed bit 

The distance between MSB of base—address and that 
of the related bit field (signed bit) is offset. In the case of 
the bit field operation in the memory using the BF:G 
instruction, offset can be freely used. In the case of the 
bit field operation in the memory using the BF-:E in- 
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struction or the bit field operation in a register, the 
operation in the bit field which exceeds the one word 
(1-long word) of base—_address is not assured. 

Unsigned bit field 

The related bit field 18 is indicated in FIG. 10. 

0< width S32 (< <LX> >0< width= 64) 

The distance between MSB of base—address and that 
of the related bit field is offset. 

In the case of the bit field operation in the memory 
using the BF:G instruction, offset can be freely used. In 
the case of the bit field operation in the memory using 
the BF-:E instruction or the bit field operation in a regis- 
ter, the operation in the bit field which exceeds the one 
word (1-long word) of base_address is not assured. 

Unfixed length bit field 

Both offset and width can be freely assigned in the 
condition of width >0. 

5-3 Integer 

The data type of integer 20 is indicated in FIG. 11. 

5-4 Floating Point 

The floating point operation is processed by a co- 
processor. The format of the floating point is specified 
by IEEE standard. The details of the floating point will 
be separately specified. 

Single precision 32-bit floating point < <Co-proces- 

sor> > 

Double precision 64-bit floating point 

processor > > 

80-bit floating point < <Co-processor > > 

5-5 Decimal 

The addition, subtraction, multiplication and division 
in multiple length decimal notation are processed by a 
co-processor. The main processor of the data processor 
of the present invention only processes unsigned fixed- 
length PACKED format decimal numbers and signed 
PACKED format decimal numbers. However, all the 
instructions which process the signed PACKED format 
decimal numbers are <<L2>>. The data type 22 is 
shown in FIG. 12. 

5-6 String 

In the string case, the data type 24 is showin in FIG. 


< <Co- 


13. 
5-7 Queue 

The data type of linear list 26-connected by double 
links is shown in FIG. 14. 


6. Instruction Format 


Any instruction is written in variable length every 16 
bits. However, instructions whose length is odd bytes 
are not permissible. 

Instructions with two operands are classified into two 
types: one is the general type, which has 4 bytes + exten- 
sion portion and can use all the addressing modes (Ea), 
and another is the abbreviation type, which can use only 
frequently used instructions and the addressing mode 
(Sh). Depending on the instruction function and code 
size being required, the suitable type can be selected. 

Although the instruction format of the data processor 
of the present invention can be classified into many 
types, we will roughly classify and describe the the 
types of the instruction format so that the user can easily 
understand it. For detail types of the instruction format, 
see Appendix 10. 

These are the abbreviations used for the codes de- 
scribed with the format. 

— Portion where an operation code is placed 
# Portion where a literal or immediate value is placed. 
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Ea General type addressing mode specified with 8 bits 

(General Format) 

Sh Abbreviation type addressing mode specified with 6 
bits (Short Format) 
Rn Portion where the register is specified 

The format is described assuming that the right side is 
LSB and the high-order address (big-endian). 

Example of Format Description 28 is shown in FIG. 
15. The instruction format can be determined by the 
two bytes of the address N and address N+ 1, because 
any instruction is fetched and decoded every 16 bits (2 
bytes). 

In any format, the extension portion of Ea or Sh of 
each operand should be located just after the half word 
containing the basic portion of Ea or Sh. It has higher 
precedence than the immediate data which is implicitly 
specified by an instruction and than the extension por- 
tion of an instruction. Therefore, the operation code of 
an instruction consisting of 4 bytes or more may be 
separated by the extension portion of Ea. 

If extra extension portion is added to the extension 
portion of Ea in the additional mode, the extra extension 
portion has higher precedence than the operation code 
of the next instruction. 

For example, consider a 6-byte instruction which 
consists of the first half word containing Eal, the sec- 
ond half word containing Ea2, and the third half word. 
Since the additional mode is used for Eal, the extension 
portion for the addition mode is also added as well as 
the conventional extension portion. At the time, the real 
instruction bit pattern is assigned in the following order. 

First half word of the instruction (including the basic 

portion of Eal) 

Extension portion of Eal 

Extension portion of Eal in the additional mode 

Second half word of the instruction (including the 

basic portion of Ea2) 

Extension portion of Ea2 

Third half word of the instruction 

When only 8 bits of the 16-bit field are used depend- 
ing on the alignment, they are placed in the low order 
(to the higher address). It is applied when the #im- 
m_—adata mode is specified to EaR and ShR while the 
operand size is 8 bits, when the operand size is 8 bits in 
the I- format, or when BRA:G, Bcc:G, BSR:G and 
SS=00. 

For example, in the following case, 


MOV:1B #H'12, @RO 


The first byte is an operation code of MOV:I.B. 

The second byte is used to specify both part of the 
operation code and ShW(@RO). 

The third byte is 0. 

The fourth byte is H’12. 

The bit pattern 29 is represented in FIG. 16. 

In this case, the upper (lower address) 8 bits of the 
16-bit field should be filled with 0. When the upper 8 
bits are not 0, the data is unstable depending on the 
implementation. In other words, in the case of I-Format 
or #imm data mode, the operand depends on the im- 
plementation, while in the case of the instructions of 
BRA:G,Bcc:G and BSR:G, the destination to be 
jumped becomes unstable. In any case, they are not 
treated as EIT (exception). 

6-1 Two Operand Short Format 

6-1-1 Register and Memory (S-format,L-format) 30: 
an example is shown in FIG. 17. 
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There are two types of instructions in the L-format 
and S-format: one type is where the size can be specified 
(MOV:L, MOV:S, CMP:L) and another type is where 
the size cannot be specified (ADD:L, SUB:L). 

For instructions where the size can be specified, the 
specification of the size by RR and the like is only ap- 
plied to the memory and the size of the memory is fixed 
to 32 bits. If the size of the register differs from that of 
the memory while the size of the source is smaller than 
another, sign extension is performed. If the size of the 
source is smaller than another, the high-order byte is 
truncated and overflow check is performed. 

On the other hand, for the instructions of ADD:L 
and SUB:L where the size cannot be specified, both the 
operand sizes of the register and memory are fixed to 32 
bits. 

Since there is a rule for the data processor of the 
present invention where data in the register is usually 
treated as a 32-bit signed integer, the size of the register 
is fixed to 32 bits. This rule is also applied to the bit field 
instructions and instructions with advanced functions 
where an operand is placed in the register as well as the 
instructions in the L-format and S-format. 

6-1-2 Between Registers (R-Format) 31: an example is 
shown in FIG. 18. 

6-1-3 Between Literal and Memory (Q-Format) 32: 
an example is shown in FIG. 19. 

6-1-4 Between Immediate and Memory (I-Format) 
33: an example is shown in FIG. 20. 

The size of the immediate value in the I-format is 8, 
16, 32 and 64 bits which are in common with the size of 
the destination operand. The zero extension and sign 
extension are not performed. 

6-2 One Operand General Type (G1-Format) 34: an 
example is shown in FIG. 21. 

6-3 Two Operand General Type . 

Instructions which have two operands in the general 
type addressing mode and which are specified with 8 
bits. Occasionally, the total number of operands be- 
comes 3. 

6-3-1 First Operand for Memory Read (G-Format) 
35: an example is shown in FIG. 22. 

6-3-2 First Operand for 8-Bit Immediate (E-Format) 
36: an example is shown in FIG. 23. 

Although the function of this format is similar to that 
between the immediate and memory (1-format), their 
concepts remarkably differ. Since the E-format is a 
derivation of the 2-operand general type (G-format), 
the size of the source operand is fixed to 8 bits and the 
size of the destination operand is selected from 
8/16/32/64 bits. In other words, supposing the different 
size operation, for scr consisting of 8 bits, the zero ex- 
tension or sign extension is performed in accordance 
with the size of dest. 

On the other hand, in the I-format, the immediate 
pattern which is frequently used in MOV and CMP is 
changed to the short type and the size of the source is 
the same as that of the destination. 

6-3-3 First Operand for Address Calculation (GA- 
Format) 37: an example is shown in FIG. 24. 

6-3-4 Other Two-Operand Instructions 38: an exam- 
ple is shown in FIG. 25. 

6-4 Short Branch 39: an example is shown in FIG. 26. 

6-5 Others 40: except above described, there are ex- 
amples shown in FIG. 27. 
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7. Addressing Mode 


The data processor of the present invention provides 
two addressing modes: the short format (Sh), which 
assigns the address for the memory and registers with a 
6 bits field and the general format (Ea), which specifies 
with an 8 bits field. 

If an addressing mode which has not been defined or 
an improper combination of addressing modes is speci- 
fied, a reserved instruction exception (RIE) occurs like 
an execution of the undefined instruction and it causes 
the exception processing to start. It may occur when the 
destination is in the immediate mode or when the imme- 
diate mode is used for an instruction which calculates 
the address. 

7-1 P Bit 

The data processor of the present invention can as- 
sign a one-bit optional function assignment bit for ac- 
cessing the memory. This bit is named the P bit. The P 
bit is used to add some additional capability whenever 
the memory is accessed. 

The P bit is independently assigned whenever the 
memory is accessed. Therefore, in case of the register 
indirect addressing mode, absolute addressing mode, 
and the like, one P bit is assigned in accordance with the 
operand. In case of the multiple level indirect address- 
ing mode where the additional mode is used, the P bit 
should be used for the number of times corresponding 
to the number of levels. The P bit is expected for tag 
checking, logical space switching, and switching be- 
tween 32-bit addressing and 64-bit addressing for future 
expansion. Therefore, in the current specification, the P 
bit is reserved. In the description of the P bit, the posi- 
tion of the P bit is represented with ‘P’. However, it 


should always be “0”. If the P bit is not “0”, a reserved 3 


instruction exception (RIE) will occur. 
The function of the P bit should conform to the 
<<LU> > specification. 
7-2 Symbols Used in Format 
Rn: Assign the register. 
P: P bit (always “0”) 
mem[EA)}: Content of the memory at the address repre- 
sented with EA 
The portion surrounded by dotted lines represents 
the extension portion. 
7-3 Register Direct 
Assembler syntax 41: Rn 
Operand: Rn 
Format: shown in FIG. 28. 
7-4 Register Indirect 
Assembler syntax 42: @Rn 
Operand: mem[Rn] 
Format: shown in FIG. 29. 
7-5 Register Relative Indirect 


Assembler syntax 43: @(disp,Rn) 
@(disp:16,Rn) 


@(disp:32,Rn) 


Operand: mem[{disp+ Rn] 

Format: shown in FIG. 30. 

disp should be treated as a signed operand. 
7-6 Immediate 

Assembler syntax 44: #imm_data 

Operand: imm_data 

Format: shown in FIG. 31. The size of imm—data is 
assigned in an instruction as the operand size. 
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7-7 Absolute 
Assembler syntax 45: @abs 
@abs:16 
@abs:32 
@abs:64 <<LX>> 


Operand: memfabs] 
Format: shown in FIG. 32. 

In the 32-bit addressing mode, the address specified is 
extended to the 32-bit signed address. On the other 
hand, in the 64-bit addressing mode, the address as- 
signed by abs:16, abs:32 is extended to the 64-bit signed 
address. 

7-8 PC Relative Indirect 


Assembler syntax 46: @disp,PC) 
@disp:16,PC) 


@(disp:32,PC) 


Operand: mem[disp + PC} 
Format: shown in FIG. 33. 

‘The PC value being referenced in the PC relative 
indirect mode is the beginning address of the instruction 
which includes the operand. Thus, an endless loop can 
be produced by the following instruction. 


IMP @(0, PC) 


When the PC value in the additional mode is refer- 

enced, the beginning address of the instruction is used as 

the reference value of the PC relative indirect mode. 
7-9 Stack Pop 47 

Assembler syntax: @SP + 


mem[SP] 
SP is incremented. 


Operand: - 


Format: shown in FIG. 34 


data, SP is updated by +8. It is also possible to specify 
@SP-+ for an operand which is the size of B and H, so 
that SP is updated for +1 and +2, respectively. How- 
ever, it causes the stack alignment to be disordered, 
resulting in a slower processing speed. 

If the @SP+ mode is not used for the operand, a 
reserved instruction exception (RIE) occurs. Actually, 
a reserved instruction exception occurs when @SP + is 
used for the write operand and read-modify-write oper- 
and. 

7-10 Stack Push 48 
Assembler syntax: @-SP 


SP is decremented. 
mem[SP] 


Operand: 


Format: shown in FIG. 35 

In the @-SP mode, SP is decremented in accordance 
with the operand size. For example, when the data 
processor of the present invention64 processes 64-bit 
data, SP is updated by —8. It is also possible to specify 
@-SP for an operand which is the size of B and H, so 
that SP is updated for —1 and —2, respectively. How- 
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ever, it causes the stack alignment to be disordered, 
resulting in a slower processing speed. 

If the @-SP mode is not used for the operand, a re- 
served instruction exception (RIE) occurs. Actually, a 
reserved instruction exception occurs when @-SP is 
used for the read operand and read-modify-write oper- 
and. 

7-11 Register Relation Additional Mode 49 


Operand: Rn= = > tmp 


Additional mode processing 
Format: shown in FIG. 36. 
For details of the additional mode, see section 7-16. 
7-12 PC Relative Additional Mode 50 
Operand: PC= = >tmp 
Additional mode processing 
Format: shown in FIG. 37. 
7-13 Absolute Additional Mode 51 
Operand: 0= = >tmp 
Additional mode processing 
Format: shown in FIG. 38. 
7-14 FP Relative Indirect 52 


Assembler syntax: @(disp,FP) 
@disp:4,FP) 

Operand: mem|[d4 * 4 + FP] 
(disp = d4 * 4) 


Format: shown in FIG. 39. 

The prescaled displacement, d4, it treated as a signed 
operand. It should be used by multiplying by 4 irrespec- 
tive of the size. Thus, the memory address of the multi- 
ples of 4 in the range from (FP —8*4) to (FP+7*4) can 
be referenced. When the address is described in the 
assembler representation, the value multiplied by 4 
should be described for displacement. This addressing 
mode is <<L2>>. Since the data processor of the 
present invention does not provide the FP relative indi- 
rect mode, when this mode is specified, a reserved in- 
struction exception (RIE> occurs. 

Since this addressing mode cannot be used in the 
short format, for example, 


MOV @(disp,FP),R1 


becomes 4 bytes as follows. 
MOV:G.W @(disp:4,FP),R1 


MOV:L.W @(disp:16,FP),R! 


Thus, the code is ambiguously selected, so that the 
mode is <<L2>>. This mode is expected to effec- 
tively use the short format when the rate of usage of the 
abbreviations is decreased in the data processor64 of the 
present invention. In the modes of @(d4:4,FP) and 
@(d4:4,SP) d4 is used by multiplying by 4 irrespective 
of the operand size. Therefore, if the modes of 
@(d4:4,FP) and @(d4:4,SP) are used with variables of 8 
bits, 16 bits and 32 bits lengths in the stack frame at the 
same time, it is necessary to left justify each variable to 
the word boundary, since the data processor of the 
present invention is big-endian. 

Example of allocation of local variables for using 
modes of @(d4:4,FP) and @(d4:4,SP) 53 is shown in 
FIG. 40. 

7-15 SP Relative Indirect 54 
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24 
Assembler syntax: @(disp,SP) 
@Xdisp:4,SP) 
Operand: mem|[d4 * 4 + SP] 


(disp = d4 * 4) 


Format: shown in FIG. 41. 

The prescaled displacement, d4, is treated as a signed 
operand. It should be used by multiplying by 4 irrespec- 
tive of the size. However, the operation where d4 is 
negative is not described. Thus, the memory address of 
the multiples of 4 in the range from (SP) to (SP+7*4) 
can be referenced. When the address is described in the 
assembler syntax, the value multiplied by 4 should be 
described for displacement. This addressing mode is 
<<L2>>. Since the data processor of the present 
invention does not provide the FP relative indirect 
mode, when this mode is specified, a reserved instruc- 
tion exception (RIE) occurs. 

Like @(disp:4,FP), this mode is expected to effec- 
tively use the short format when the rate of usage of the 
abbreviations is decreased in the data processor 64 of 
the present invention. 

7-16 Format of Additional Mode 

Complicated addressing can basically be separated 
into a combination of operations of addition and indi- 
rect reference. Therefore, when assigning the opera- 
tions of addition and indirect reference as primitives of 
addressing, and combining them freely, any compli- 
cated addressing mode can be obtained.’ 

The additional mode will be used for such a purpose. 
A complicated addressing mode is especially useful for 
data reference between modules and processing systems 
for artificial intelligent languages. 

However, when the addressing mode is widely used 
for the data processor of the present invention, the 
processing speed may decrease. Thus, care should be 
taken to use the memory indirect addressing mode. 

The additional mode is specified every 16 bits and 
repeated for the number of times required. With only 
one occurrence of the additional mode, the following 
operations are performed. 

Addition of constant (displacement) 

Scalling (x1, x2, x4 and x8) and addition of index 

Tegister 

Memory indirect reference 
With the additional mode in n levels, the indirect refer- 
ence of up to (N+ 1) levels can be performed. Processes 
of basic additional modes: 


tmp + Rx * scale + d4*°4— 
tmp + Rx * acale + displx — 
mem{tmp + Rx * scale + d4 * 4] + 
mem[tmp + Rx * scale + dispx] — 


tmp when I=0 and D=0 
tmp when I=0 and D=1 
tmp when I=1 and D=0 
tmp when I=1 and D=1 


Basic format 55: shown in FIG. 42. 
EI=00 Absence of indirect reference; continuation of 
additional mode 


tmp+disp+ Rx * Scale= = >tmp 


EI=01 Indirect reference; continuation of additional 
mode 


mem[(tmp+disp + Rx * Scale]= = >tmp 


5,201,039 


25 


EI=10 Indirect reference; completion of additional 
mode 


mem|tmp+disp+Rx * Scale]= = >operand 


EI=11 Dual indirect reference; completion of addi- 
tional mode 


mem(mem|[tmp + disp +Rx * Scale]]= = >operand 


M=0 <Rx> is used as an index. 

M=1 Special index . 
<Rx> =0: The indexes are not added. (Rx=0) 
<Rx>=1: PC is used as the index Rx. (Rx=PC) 
<Rx> =2 or more: reserved 

D=0 4-bit d4 in the additional mode is multiplied by 4, 
treated as disp, and then added. d4 should always be 
multiplied by 4 and used irrespective of the operand 
size. 

D=1 dispx (16/32/64 bits) specified by the extension 
portion in the additional mode is treated as disp and 
then added. The size of the extension portion is speci- 
fied by the d4 field. 
d4=0001: dispx is 16 bits. 
d4=0010: dispx is 32 bits. 
d4=0011: dispx is 64 bits. << <LX>> 

XX Scale of index (scale = 1/2/4/8) 

S Size of index register 
S=0 <Rx> is extended to signed 32 bits. 

S=1 <Rx> is 64 bits <<LX>> 
PP bit <<LU>> 

The P bit is placed in each level of the additional 
mode. 

The P bit can be specified independent from all the 
memory references. 

Whether the indirect reference is performed or not 
can be selected. 

The level which does not perform the indirect refer- 
ence is used for addition of the base register and index 
register with multiple levels (such as 
mem[R1+R2+4R3]). It may be used for the relocation 
base register, etc. by the user. 

Size of index register 

Since 32-bit data will be frequently used even with a 
64-bit address, 32/64-bit address size can be switched in 
each level of the additional mode. 

@(disp:64,Rn) of the register relative indirect and the 
addressing mode of the memory indirect can be ob- 
tained by using the additional mode. 

If the scaling of x2, x4 and x8 for PC is performed, the 
temporary value (tmp) after the processing of the level 
is completed, the value, depends on the hardware im- 
plementation. The effective address obtained by the 
additional mode cannot be predicted. However, an 
exception does not occur. 

Variation of format 56, 57: shown in FIG. 43, 44, 
respectively. 

7-17 Levels of Additional Mode Specification 

The additional mode is used for normal indirect refer- 
ence, as a table reference for external! variables for mod- 
ular object codes, and execution of AI oriented instruc- 
tions. In particular, the applications of AI may use the 
indirect reference in many levels. However, the normal 
applications use it in 4 or less levels. 

When the additional mode in any number of levels 
can be used, the classification by the number of levels in 
the compiler is not required, thus reducing the load of 
the compiler. Even if the frequency of the- indirect ref- 
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erence in many levels is very small, the compiler should 
always generate correct codes. 

However, from the point of view of implementation, 
if executing interrupts are accepted in any number of 
levels, the load on the compiler becomes heavy. There- 
fore, it is necessary to restrict the number of levels. 

The versions of the data processor of the present 
invention which can use the additional mode with up to 
only 4 levels (4 basic formats of the additional mode) is 
defined as the <<L1>> specification. Versions that 
can use any number of levels are defined as the 
<<L2>> specification. Even in the <<Ll>> 
specification, it is possible to perform the memory indi- 
rect reference up to 5 times. For the additional mode 
which exceeds 5 levels (5 half words), a reserved in- 
struction exception (RIE) occurs. However, in the for- 
mat where any number of levels can be used, the num- 
ber of levels will be extended. 

The data processor of the present invention can use 
the additional mode in any number of levels. However, 
when the memory indirect addressing is frequently used 
along with the additional mode, the processing speed 
may decrease. Especially, if the additional mode with 
many levels is used in the second operand, an interrupt 
cannot be accepted during the processing of the addi- 
tional mode. 

Since the data processor32 of the present invention 
will use floating point, the scaling of ‘x8’ is imple- 
mented. The scaling of ‘x8’ is the < <L1> > specifica- 
tion rather than the <<LX> > specification. 


8. Description Relating to Implementation 


8-1 Supporting Virtual Storage 

While the data processor of the present invention has 
provisions for virtual memory, they are not currentry 
implemented on the data processor of the present inven- 
tion. 

To provide the virtual storage, it is necessary to prop- 
erly recover page faults which occur during execution 
of instructions. The data processor of the present inven- 
tion generally uses the instruction re-execution system. 

If a page fault occurs in the instruction re-execution 
system, the processor resets all the registers and acti- 
vates the page-in process routine. Thus, even if the 
execution of instructions are resumed from the begin- 
ning, inconsistency does not occur. 

In the instruction re-execution system, normally, it is 
not necessary to hold the status flags during execution. 
Therefore, the system is comparatively simple. When 
re-executing instructions, the data processor of the pres- 
ent invention does not use the instructions and address- 
ing mode (such as auto-increment) which may cause 
side effects however, since the re-execution after the 
page fault may cause an unnecessary memory access. 
Therefore, care should be taken when OS operates the 
L/O device. 

For example, if the first operand of a normal instruc- 
tion serves to read the I/O device and the second oper- 
and causes a page fault by the re-executing the instruc- 
tion, the I/O device is read again. Therefore, inconsis- 
tency may occur depending on the type of I/O device. 
Thus, when an I/O device causes a side effect is read 
and accessed, take care not to cause a page fault by 
another operand. Particularly, it is possible that another 
operand is always a register or residual page. 

If the source operand and destination operand are 
partially overlapped, inconsistency will occur when a 
simple execution is performed. 
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Example: Moving 2-byte data for 1 byte. 

The destination is located at the page boundary: 
shown in FIG. 45. 

In FIG. 45, if the MOV.H instruction causes [N-2:N- 
1] to be moved to [N-1:N], the write cycle of the desti- 
nation is separated with two sessions. First, the data of 
(N-2] 58 is written to [N-1] 59 and the former [N-1!] is 
written to [N]. If page M-1 60 has a fault while the data 
is written to [N-1], after the page-in operation, [N-2:N- 
1]->[N-1:N] is retried. Since the content of N-1 has 
been rewritten, inconsistency will occur. 

For an instruction such as LDM which serves to 
transfer data in multiple sessions, if the source and desti- 
nation are overlapped, care should be taken that incon- 
sistency does not occur during re-execution of the in- 
struction. For example, in the following case, 


LDM @Ré, (R6-R10) 


when R8 is read after loading R6 and R7, if a page fault 
occurs, R6 has been rewritten upon re-execution. Thus, 
if the instruction is re-executed from the beginning, 
inconsistency will occur. To avoid that, it is necessary 
to take the following countermeasures. 

Check that a page fault has not occurred at the begin- 
ning of the instruction. 

Save the temporary value which represents the ad- 
dress which is transferred during page fault to the stack 
(a kind of instruction continuous execution system). 

Store the initial value of R6 and restore it if a page 
fault occurs. 

These countermeasures should be applied to STM 
and other instructions. 

To re-execute instructions without inconsistency, 
LDM, STM and LDCTX prohibit the additional mode. 
On the other hand, ENTER, EXIT and JRNG prohibit 
all the addressing modes which access the memory. 

8-2 Rewrite of Instruction 

Generally, a computer which has the stored program 
system can rewrite the instruction program to be exe- 
cuted by itself through a program. However, when an 
instruction is rewritten in the current high performance 
processors which provide prefetch and instruction 
cache functions and the operation must be assured, the 
load on the hardware is remarkably increased. The 
necessity of this function is not high and it is not suitable 
for software training. Therefore, the data processor of 
the present invention normally prohibits the instruction 
codes to be rewritten by software. If the instruction 
code is rewritten, its operation will not be assured. 

In some special applications, instruction codes are 
produced by a user program and they are executed. 
Therefore, when some conditions are met, it is neces- 
sary to assure the execution operation of instruction 
codes being rewritten. 

To do that, the data processor of the present inven- 
tion has PIB instruction which informs the processor 
that instruction codes have been rewritten. By execut- 
ing this instruction, the execution operation of the in- 
struction codes being rewritten are assured. This in- 
struction serves to inform the processor that the instruc- 
tion codes to be executed have been probably rewritten 
(after the processor has been reset or the former PIB 
instruction has been executed). This instruction will 
serve to purge the pipeline, instruction queue and in- 
struction cache. 

9. EIT Processing 
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EIT stands for the initial letters of Exception (excep- 
tional interrupt), Interrupt (external interrupt) and Trap 
(internal interrupt). 

In the data processor of the present invention, a pro- 
cess which is asynchronous with the flow of the execu- 
tion of the program is termed an EIT process. The EIT 
processes are generally called exception and interrupt 
processes. The EIT process contains the following 
types. 

Internal interrupt (call between rings, trap) 

It is intentionally generated by the programmer when 
issuing a system call. It relates to the context which is 
executed at the time. 

Exceptional interrupt (exception) 

It occurs if some error is generated during execution 
of a conventional instruction. It relates to the context 
being executed at the time. 

External interrupt (interrupt) 

It occurs when a signal is generated by external hard- 
ware. 

It does not relate to the context being executed at the 
time. 

For details of the EIT processing, see Appendix 9. 


10. Structure of PSW 


PSW (Processor Status Word) of the data processor 
of the present invention consists of 32 bits. The lower 16 
bits of PSW (PSH - Processor Status Halfword) is used 
for the user program. It can be freely operated by the 
user process. On the other hand, the upper 16 bits of 
PSW (PSS - Processor Status halfword for System) is 
used for the system. Therefore, it cannot be operated by 
the user program (ring 3). The upper 8 bits of PSH 
serves to set various modes and are named PSM (Pro- 
cessor Status byte for Mode). In addition, the lower 8 
bits of the PSH serves to display the operation result 43, 
which is named PSB (Processor Status Byte): shown in 
FIG. 46. 

10-1 Structure of PSS 62: shown in FIG. 47. 

Reserved to ‘0’. 

If ‘1’ is written, a reserved functional exception 
(RFE) occurs. 

SM,RNG =000 Uses the external interrupt stack 

pointer (SPI) at ring 0. 

SM,RNG=001 reserved 
SM,RNG=010 reserved 
SM,RNG=011 reserved 
SM,RNG= 100 Uses the stack pointer for ring 0 

(SPO) at ring 0. 
SM,RNG=101 = Reserved (for ring 1) 
SM,RNG=110 Reserved (for ring 2) 
SM,RNG=111 Uses the stack pointer for ring 3 

(SP3) at ring 3. SM,RNG is < <LA> >. (SM: Stack 

Mode, RNG: Ring) 

XA=0 = 32-bit context 

XA=1 64-bit context <<LX>> 

AT=00_—_ Absence of address conversion 

AT=01 Presence of address conversion (the data 
processor of the present invention standard MMU 
specification) 

AT=10 Absence of address conversion, memory 
protection by address (< <LIR>>) 


AT=11 _ reserved (AT: Address Translation mode) 
DB=0_ Context which is not currently debugged 
DB=1 Context which is currently debugged 
IMASK_ Interrupt priority which inhibits an external 


interrupt and DI (Delayed Interrupt). 
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IMASK=0000 Accepts only NMI (unmaskable in- 
terrupt of priority 0) 


IMASK =0001 Masked up to priority 1 (conse- 
quently, accepts NMI only). 

IMASK=0010 Masked up to priority 2. represented 
by IMASK. 

IMASK=1110 Masked up to priority 14. 

IMASK=1111 Not masked 


The data processor of the present invention controls 
the memory by 4 levels of ring protection as the 
<<LA>> specification. (See Appendix.) The data 
processor of the present invention controls the memory 
by 2 levels of ring protection. The RNG field represents 
which rings exist in the current processor. Even if the 
ring protection is not performed, this field is used to 
switch between the supervisor mode and the user mode. 

The XA bit of the data processor of the present in- 
vention32 is reserved. If ‘1’ is written to the bit, an 
exception occurs. 

Since it is difficult to standardize the debug informa- 
tion such as trace in detail, it is stored in a different 
control register (DCR - Debug Control Register). 
However, only the information which represents the 
debugging condition is stored in PSW as DB. 

The lower priority external interrupts of the data 
processor of the present invention are represented with 
higher numbers. The priority of the external interrupts 
consist of seven levels from 0 to 7. The priority 0 is the 
unmaskable interrupt (NMI). 

Since it is difficult to completely standardize the 
control information of the cache and MMU, it is sepa- 
rated from PSW. 

Since AT (address translation specified field) is 
placed in PSW, it is possible to convert the address any 
context, change the memory protection method, and 
temporarily stop the address translation only during 
execution of the EIT process handler. 

When AT (address translation bit) in PSW is changed 
from ‘00’ to ‘01° by starting LDC, REIT, LDCTX or 
EIT; TLB and cache purge are automatically con- 
ducted, so that TLB and matching with the logical 
cache is assured. In addition, when AT is changed from 
‘01’ to ‘00’, the matching of the cache (logical cache and 
physical cache) is assured. 

10-2 Structure of PSH 63: shown in FIG. 48. 

Reserved to ‘0’ 

If ‘1’ is written, a reserved functional exception 
(RFE) occurs. 

PRNG Ring number just before entering this ring. 
PRNG is <<LA>>. 

P P-bit Error Flag <<LU>> 

Set if an error relating to the P-bit function occurs. 

Otherwise, it is cleared. 

Reserved to ‘0’ at present. 

F General Flag 
Used to detect the cause of the termination of a high 
level instruction. 
X = Extension Flag 

The carry-out of a multiple length operation. 
V Overflow Flag 

Indicates an overflow occurence. 

L_ Lower Flag 
Indicates the contents of the first operand is smaller 
than those of the other operand in a comparison 
instruction for both signed with signed comparison 
and unsigned with unsigned comparison. 
M  MSB Fiag 
Indicates the MSB of the operation result is ‘1’. 


15 


25 


35 


45 


55 


65 


30 
Z Zero Flag 

Indicates the operation result is ‘0’. 

The “ring just before entering” in the PRNG field 
represents a “ring which is placed at one outer location” 
or a “ring which requests a service to the ring’. Thus, 
when EIT occurs, PRNG changes as follows: 


PSW <RNG> ==>PSW<PRNG>. 
When EIT occurs in the return mode with the REIT 
instruction, PRNG changes as follows: 


stack= = > PSW (including RNG and PRNG). 


In the return mode, it is necessary to return from the 
stack rather than copying RNG. The relationship 
RNG 3 PRNG is always satisfied. PRNG is referenced 
by the ACS command. Actual ring transition uses the 
information of RNG. In instruction flow from com- 
pared to the conditional jump, processors other than the 
data processor of the present invention usually distin- 
guish signed data and unsigned data by using a condi- 
tional jump instruction rather than a comparison in- 
struction. 

For example, unsigned integers are compared using 
the following instructions: 





CMP 
BLTS 


srcl,sre2 


next Branch Lower Than (Signed) 





Signed integers are compared using the following in- 
structions: 





CMP 
BLTU 


srcl,src2 


next Branch Lower Than (Unsigned) 





Thus, in this type of flag implementation, information to 
distinguish the size of numbers and the presence or 
absence of signs is required. 

In the data processor of the present invention, how- 
ever, the distinction between the presence or absence of 
a sign is made by using different compare instructions 
such as the CMP and CMPU instructions. On the other 
hand, the conditional jump instruction can be used re- 
gardless of whether the contents are signed or unsigned. 
Thus, the flag structure is simplified. 

The carry flag used in conventional processors has 
two functions: one serves to compare the size of un- 
signed integers and another serves to represent a carry- 
out in multiple length operations. However, for the 
latter function, since the data processor of the present 
invention uses X_flag, the carry flag is used only for 
comparing the size of integers. Thus, the carry flag of 
the data processor of the present invention is defined as 
that which represents the relationship of size and is 
named L_flag (Lower Flag). In the case of an unsigned 
operation, this flag works as conventional carry flag. In 
the case of a signed operation, it represents the true size 
since it includes the overflow, unlike conventional 
carry flags. 

F_flag (general flag), which represents the termina- 
tion condition of a string instruction and queue instruc- 
tion, and P_flag (P-bit error flag) which represents an 
error of the P bit are provided. P__flag is reserved to ‘0’ 
in the specification at present. 
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Although conventional processors use a carry flag 
which can contain the dropped bit from a shift instruc- 
tion, the data processor of the present invention has 
L_-flag rather than a carry flag, so that the dropped bit 
is placed in X_flag. 

10-3 Flag Change 

All the addition, subtraction, comparison and logical 
operation instructions are 2-operand instructions which 
have the following format: 


dest .op. src= = >dest 


If the size of dest differs from that of src, the smaller size 
operand is sign-extended in accordance with the larger 
size operand (ADDU, SUBU and CMPU are zero- 
extended), calculated, the result of the operation is con- 
verted into the size of dest, and then stored in dest. 

In the case of CMP, CMPU, SUB and SUBU, L_flag 
indicates that the size of the first operand of the previ- 
ous operation is smaller. For CMPU and SUBU, which 
are for unsigned operations, L_flag functions like the 
carry (borrow) flag of the convention processors. In a 
signed operation, L_flag represents the true size be- 
cause it includes the overflow, rather than just copying 
the M_flag. In the ADD instruction, L_flag indicates 
whether the result is negative. It also represents true 
positive and negative as well as overflow rather than 
copying the M_flag. In the ADDU, since the result 
always becomes positive, L_flag is set to ‘0’. 

V_flag indicates the result of the operation cannot be 
shown by the size being specified. In other words, when 
the result of an operation cannot be represented by the 
signed integer of the size of dest (unsigned integer for 
ADDU and SUBU), V_flag is set. In the CMP and 
CMPU instructions, the status of the V_—flag is un- 
changed. 

X_flag is used to maintain the status of a carry-out in 
multiple length operations. The flag status is changed 
regardless of whether the operation is signed or un- 
signed. Although it functions similar to the carry flag of 
conventional processors, only the addition, subtraction 
and shift instructions change X_flag. 

In the CMP, SUB, CMPU and SUBU instructions, 
the status of L_flag is changed in a similar manner. 
While SUB, SUBU and SUBX instructions cause X_ 
flag to change, CMP and CMPU instructions do not 
cause it to changed. 

In the case of MOV, MOVU, ADD, ADDU, 
ADDxX, SUB, SUBU and SUBX< instructions, the sta- 
tuses of M_flag and Z_flag are changed depending on 
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the value when the operation result is converted in the 50 


size of dest. Thus, if the size of dest is smaller than that 
of src, even if the operation result is not 0, Z_flag may 
be set. On the other hand, in the CMP and CMPU 
instructions, the status of Z_flag is changed depending 
on the value of the operation result regardless of the size 
of dest. 


Example: If @dest.B = 1 r 
SUB #H'101.W,@dest.B — Although the operation result 1 
- H'101 is not 0, since dest 
becomes 0, Z_flag is set. 
CMP #H’'101.W,@dest.B — Since the operation result I 
- H'101 is not O, Z_flag is 


cleared. 
eS Tn 


In ADDX and SUBX instructions, the flag status is 
irregularly changed to some extent, so that it can be 
used for both the unsigned integer extended operation 
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and signed integer extended operation. In this case, 

although it does not completely match the mnemonic of 

the conditional jump instruction, since the extended 
operation is not frequently used, this irregularity should 
be permissible. 

L_flag Represents the relationship of size (SUBX) 
and positive and negative (ADDX) for signed opera- 
tion. 

V_flag Represents an overflow for signed operation. 

X_flag In ADDX, represents a carry from the size 
of dest for the dest+src+X_flag operation. In 
SUBX, it represents a borrow from the size of dest for 
the dest—src—X_flag operation. However, if the 
size of src is smaller than that of dest, src is sign- 
extended. In SUBX, if the size of src is the same as 
that of dest, X_flag consequently represents the re- 
sult of the comparison as unsigned data. 

When an operation between different size operands is 
performed with ADDX and SUBX, the smaller size 
operand is sign-extended. However, whether the value 
which is sign-extended is operated on as a signed value 
or an unsigned value depends on the status of the flag. 

In the MOV instruction, MOVU instruction and 
logical operation instructions, the statuses of X_flag 
and L_flag are not changed. 

In the logical operation instructions, the status of 
V_flag is not changed. 

The details of status flag changes are described in 
each instructions description. Special attention should 
be given descriptions marked with an astarisk. 


11. Instruction Set Description Format 


11-1 Outline of Descriptive Format 

MNEMONIC: 

R« presents the same (mnemonic) of the instructions. 

OPERATION: 

Summarizes the function of the instruction. 

OPTIONS: 

Represents the types of options available for the in- 
struction. The options of the instruction serve to change 
the sub-functions of the instruction and are described as 
‘/xxx’ in the assembler syntax. 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX: 

Represents the bit pattern, assembler syntax, size, and 
type of the instruction. In the data processor of the 
present invention, one instruction mnemonic may have 
multiple instruction formats such as the general format 
and short format, each of which is used depending on 
the addressing mode and size. This paragraph describes 
the addressing mode and size used in each instruction 
format. 

STATUS FLAGS AFFECTED: 

Shows how the status flags (PSB) are changed after 
the instruction is executed. 

DESCRIPTION: 

Describes the functions of the instruction. For details 
of the assembler mnemonics used in the description, see 
the Appendix at the end of the manual. 

11-2 Instruction Bit Pattern and Assembler Syntax 

The “INSTRUCTION FORMAT AND ASSEM- 
BLER SYNTAX” portion is comprised of the mne- 
monic by format, operand name, operand field name 
and instruction bit pattern. 

Example of Description 64 is shown in FIG. 49. 
AND:G ... Mnemonic-every-Format 
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Represents the mnemonic-every-format of the in- 
struction bit pattern to be described (see Appen- 
dix). 

src,dest . . . Operand Name 

Variable which is used to describe the function of the 
instruction. This variable is referenced by the “OP- 
ERATION” and “DESCRIPTION”. The order of 
the operands described in this description is that of 
the assembler. 

Ear,EaM . . . Operand Field Name 

Represents the relationship of the bit pattern, avail- 
able operand size, available addressing mode, mem- 
ory access method, and other restricted informa- 
tion. The letters which represent operand field 
names relate to their meanings so that various 
meanings can be simply represented. 

Portion surrounded by lines ... INSTRUCTION BIT 

PATTERN 

The “INSTRUCTION BIT PATTERN?” represents 
the operand field, size specified field position, and 
operation code of the instruction. 

The bit represented by ‘*’ is the don’t care bit. 0 and 
1 of this bit do not effect the instruction decoding. 

The bits represented by ‘—’, ‘+’, ‘=’ and ‘#’ are 
currently not used to distinguish the instruction 
function and operand. However, the portions of 
‘—’ and ‘=’ and those of ‘+’ and ‘#’ of the user 
program should be filled with 0 and 1, respectively. 
If the bit of ‘—’ is not 0 or if the bit of ‘+’ is not 1, 
a reserved instruction exception (RIE) occurs. 

If the bit of ‘=’ is not 0 or if the bit of ‘#’ is not 1, it 
is ignored. In other words, as hardware, all ‘*’, ‘=’ 
and ‘#’ have the same meaning. However, for fu- 
ture extension, it is necessary to instruct in the users 
manual that the bits ‘=’ and ‘#’ ’should be filled 
with 0 and 1, respectively. 

11-3 Field Name 

The INSTRUCTION BIT PATTERN contains the 
option field and size specification field as well as the 
instruction bit pattern. The data processor of the pres- 
ent invention uses the following option and size specifi- 
cation field names. 

Size Specification Field Names 

RR __ Specifies the size of the operand which performs 
read accessing. 

ww Specifies the size of the operand which per- 
forms write accessing. 

MM Specifies the size of the operand which per- 
forms read-modify-write accessing. 

BB Specifies the memory accessing size for bit opera- 
tion instructions. 

XX Specifies the general size except for the above 
items (mainly used for specifying the register size). 
ss Specifies the general size except for the above 
items (mainly used for specifying the displacement 
size, CMP second operand, string instruction which 
implicitly specifies an operand, and the MOVA:U 

instruction which implicitly specifies a stack). 

Be sure to repeat the same upper case letter. How- 
ever, if only 32 bits and 64 bits can be specified, use only 
one of the two letter. 

Option Field Names 

The option bit names should mainly be specified by 
using lower case letters (except the items concerning P 
bit). The optional field names are as shown bellow. In 
any case, the assembler defaults to the first description 
item (e.g. 0, or 00 . . as option value). 
cece Specifies the conditions for Bec and TRAP/cc. 
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eeee Specifies the termination conditions of a string 
instruction and QSCH instruction. 

P,Q.. Specifies the P bit (Q .. is used to specify the 
termination condition for the QSCH instruction). 

b /F=0,/B=1(BSCH, BVSCH, BVMAP, BVCPY, 

SCMP, SMOV, QSCH) 

r /F=0,/R=1 (SSCH) 
c /N=0,/S=1 (CHK) .. ‘c’ for CHK and change 
index value 

/0=0,/1=1 (BSCH, BVSCH) . . ‘d’ for data 

/NM=0,/MR=1 (QSCH) . . . ‘m’ for mask 

/AS=0,/SS=1 (PTLB, PSTLB, LDATE) .. ‘p’ 

for PTLB and specific space 

/PT =000,/ST =001,/AT =110,/reserved =010 
to 101,11I)PSTLB, LDATE,STATE) 
XX /LS=00,/CS=01 reserved = 10,11 

(LDCTX,STCTX) 

The field names which are not listed above represent 
the operand field names. If possible, the letters should 
not have multiple meanings. 

11-4 Operand Field Name 

The letters which represent the operand field names 
have the meanings indicated below. Only these field 
names can indicate various information such as avail- 
able addressing mode, operand size, and access method. 
Basic Addressing Modes 
Ea Uses the addressing mode in 8-bit general format. 


d 
m 
P 


tt 


Sh —_ Uses the addressing mode in 6-bit short format. 
# = ~— Literal 

#i Immediate 

#d = Displacement 

Rg _siRegister 

Ll ‘Register list (for LDM) 

Ls ___ Register list (for STM) 

Ln Register list (for ENTER) 

Lx Register list (f¢r EXITD) 


Access Method 
Part of basic addressing modes defaults to the follow- 
ing access method. In this case, the letter which repre- 
sents the access method is not assigned.  ~ 
#,#i,#d Reads from the instruction space. 
Ls,Ln _ Reads from a register. 
LI,.Lx Writes to a register. 
For other basic addressing modes, the access method 
is represented by using the following letters. 
R_ Read 
W~ Write 
M _~ Read-modify-write 
To abbreviate the field name, RgR, RgW, and RgM 
are described as RR, RW, and RM, respectively. 
{BF and CSI instructions) 
A Only performs address calculation. 
f Determines the memory address which is actually 
operated in with combination with the bit offset. 
(Suffix of R and M) Example: Bit manipulation in- 
struction 
Although the bit offset is used, it does not exceed 
the byte boundary. The address to be accessed is 
determined without referencing the offset. (Suffix of 
R and M) 
Example: bit operation instruction in short format 
Determines the memory address and range actu- 
ally operated with a combination of the bit offset and 
bit field width. (Suffix of R and M) 
Example: Fixed length bit field operation instructions 
Performs complicated accessing by the queue in- 
struction. (Suffix of other access methods) 
Example: QINS and QDEL instructions 


fq 
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35 
i Performs accessing by bus interlock. (Suffix of M) 
% Performs accessing of special space such as con- 

trol space and physical space. (Suffix of R, W, and M) 
d Operates two data segments (double). (Suffix of R) 
Example: CHK instruction 

Operates multiple data segments (multiples). (Suf- 
fix of R and W) 
Example: LDM and STM instructions 
Restrictions of Addressing Modes 
Once the basic addressing mode and access method 
have been determined, the restrictions for the address- 
ing mode are automatically determined (such as inhibit- 
ing the immediate mode for EaW). However, if other 
restrictions besides the above exist, the following letters 
should be placed after the instruction. 
I Inhibits the immediate mode. 

Example: Second operand of CMP instruction 
!M_ Inhibits the addressing mode for the memory. 

Example: Local operand of ENTER:G instruction 
!A Inhibits the additional mode. 

Example: ctxaddr operand of LDCTX instruction 
Inhibits the stack pop and stack push modes. 

Example: dest operand of QDEL instruction 

Size Specification 

The size should be regularly specified by the foliow- 

ing fields: 

When the access method is R, the size is specified by 
the RR field. 

When the access method is W, the size is specified by 
the WW field. 

When the access method is M, the size is specified by 
the MM field. 

When the access method is R!I, RIM, or R2, the size 
is specified by the SS field. 

When the access method is *f, the size is specified by 
the BB field. However, it means the access size for the 
memory operation. 

When the access method is A, the size is not specified. 

If there is an exception for specifying the address, add 
the letters listed below to distinguish it. Normally, num- 
bers and lower case letters represent the fixed size, 
while upper case letters represent the variable size. For 
example, ‘w’ represents a 32-bit (word) fixed size, while 
‘W’ represents the size specified by the WW field. 
w The operand size is always 32 bits. 
Example: MUL:R instruction 

The operand size is always 16 bits. 
Example: WAIT Instruction 

The operand size is always 8 bits. 
Example: src of MOV:E instruction 
S8 The size of the operand (displacement) is specified 
by the SS field. However, when SS=00 (i.e. when 8 
bits are specified), this operand specification field is 
used. Otherwise, the operand is specified by the ex- 
tension portion and this field is ignored (it should be 
set to 0). 
Example: src of BF:I instruction 

The size of the operand (displacement) is specified 

by the SS field. 

Example: BRA:G instruction 

R___‘ The operand size is specified by the RR field to- 
gether with the size of another operand. 

Example: CMP:I instruction 
W ~The operand size is specified by the WW field 

together with the size of another operand. 

Example: MOV:] instruction 
M_ The operand size is specified by the MM field 

together with the size of another operand. 
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Example: Instruction of I format 
Since the bit pattern which specifies 8 or 16 bits 
has not been assigned as the operand size, only the 
operand for 32 or 64 bits can be specified. The size is 
specified by the R, M, W, and B fields rather than the 

RR, WW, MM, and BB fields. 

P Since the pointer is used, the size is not specified in 
the instruction. The size is actually specified by the P 
bit or the mode (XA bit in PSW). 

Example: QINS and QDEL instructions 

X = The operand size is specified by the XX field. 
Example: xreg of ACB and SCB instructions 

Xw The operand size is specified by the X field 
together with another operand. This is used for speci- 
fying the width of the BF instruction. 

Xs The operand size is specified by the X field to- 
gether with another operand. This is used for specify- 
ing src for the BF instruction. 

Xd = =s- The operand size is specified by the X field to- 
gether with another operand. This is used for specify- 
ing dest for the BF instruction. 

C The operand size is specified by the RR field to- 

gether with another operand. This is used for specify- 

ing the value to be compared in the CS] instruction. 
3-dit literal 
4bit literal 

Example: TRAPA instruction 
8-bit literal 
8-bit displacement 

Example: BRA:8 instruction 

16 16-bit displacement 
Example: MOVA:R instruction 
When the operand size (which is implicitly specified 

by a high level instruction such as a string manipulation 

instruction) is specified, SS is used as the field name. In 
the free-length bit field instruction, X is also used. 

Others 

Z Indicates 0 of the bit pattern of the literal accords 
with 0 of the operand value. N is the bit number in the 
literal. 


L 


pw 


oO a 





0... 000 0 
0... 001 1 
0... 010 2 
1...110 7 2*N-2 
1.200 2aN-1 





Example: offset of BTST:Q 

Indicates 0 of the bit pattern of the literal accords 
with 2. N of the operand value. N is the bit number 
in the literal. 


n 





0...000 24N 
0... 001 1 
0...010 2 
1...110 24N-2 
2...0i 2aN-1] 


Example: src of MOV:Q 
Indicates the bit pattern of the literal shows the 2’s 
complement. N is the bit number in the literal. 


c 





Q...000 ~24N 
0... 001 —(24N-1}) 
0...010 ~(2 sN—2) 
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~continued 


1...110 
1... 781 


-2 
-! 


Example: Shift count of shift-right operation in 
SHA:C and SHL:C 
1,2.. If there are two or more operands which are 
accessed in the same manner in one instruction, distin- 
guish them. 

The restrictions for size which specifically relate to 
the instruction functions are given in each instruction 
rather than the operand field and size specification field 
names. They contain the specification of a size which is 
not 8 bits for shift count and logical operation in differ- 
ent size operands. 

11-5 Restriction for Addressing Mode 

The following operand field names have restrictions 
in the available addressing modes. 


EaR,ShR.... @-SP cannot be used. 

EaW,ShW .... @imm-—data and @SP+ cannot 
used. 

EaM,ShM.... @imm_—data, @-SP, and @SP+ 


cannot be used. 

EaA . @SP+, @-SP, Rn, and #imm_data 

cannot be used. 

The restrictions concerning the addressing mode are 
given in “DESCRIPTION’ of each instruction. 

11-6 Notes for Description 

For the stack operation instructions, TOS represents 
the top position of the stack. ( f ) TOS represents the 
pop from the stack, while ( |) TOS represents the push 
to the stack. 

The basic 2-operand instructions (MOV, MOVU, 
ADD, ADDU, ADDX, SUB, SUBU, SUBX, AND, 
OR, XOR, CMP and CMPU) describe their operations 
in the following manner: 

The sizes of dest (src2) and src(srcl) (number of bits) 
and the value, where src(srcl), dest(src2) is broken 
down into individual bits are represented as d and s and 
Do, D1, ..., Dd-1,S0,S1, ..., Ss-1, respectively. Thus, 


dest(src2)=[{D0.D1 .. . Dd-2.Dd-t] 


sre(src1)=[SO0.S1.. . Ss-2.Ss-1] 


[. . ] represent the binary notation and ‘.’ represents a 
delimiter between each digit. The value which is set to 
dest as the result of the operation is represented as fol- 
lows: 


dest .op. src=result=[RO.R1. .. Rd-2.Rd-1] 


Except for MOV, MOVU, CMP and CMPU, the result 
is set to dest. In addition, if s>d, only the lower bits of 
the operation result are set to dest. The value before the 
upper bits of the operation result are removed is repre- 
sented as follows: 


result=[FO.F1 .. . Fs-2.Fs-1] 


The number of bits of R and F are d and s, respectively. 

When the bit string [. . ] is treated as a signed binary 
number, the value of the bit string is represented by S[. 
. ]. If it is treated as an unsigned binary number, the 
value that the bit string shows is represented as U[. . ]. 
On the other hand, if the bit string is treated as a signed 
packed type decimal number, the value that the bit 
string shows is represented as SD{. . ]. If it is treated as 
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an unsigned packed type decimal number, the value that 
the bit string shows is represented as UD[. . ]. In addi- 
tion, ‘~’ and ‘~' represent the logical negation and 
power, respectively. 

Likewise, “DESCRIPTION” of the fixed length bit 
field instruction gives the description of detail operation 
in the following notation. 


bitfield = [Bo.Bo+1... Bo+w-2.Bo+w—1] 


[Sn.Sn+1...Sm-2.Sm-1] is abbreviated as [Sn to m-1]. 
[SO.S1 . . . Sd-2.Sd-1]=[S0 to s-1] may be simply repre- 
sented as [S]. 

This rule is applicable to [D], [R], [B], and [F]. 


12. Instruction Set of the Data Processor of the Present 


Invention 
12-1 Data Transfer Instructions 
MNEMONIC: 
MOV src,dest 
OPERATION: 


src= = >dest 

Move and sign-extend data. 
OPTIONS: 

None : 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 65: shown in FIG. 50(a) 

STATUS FLAGS AFFECTED 66: shown in FIG. 
$0(4). 

DESCRIPTION: 

Move data from the source operand (src) to the desti- 
nation operand (dest). 

If the size of the source operand is smaller than that of 
the destination operand, the size of the source operand 
is sign-extended. 

If the value of the source operand cannot be repre- 
sented as a signed integer in the size of the destination 
operand because the size of the destination operand is 
smaller than that of the source operand, V_flag is set. 

Although MOV:Z is a clear instruction, since its 
operation and status flags change are the same as those 
of the MOV instruction, it is treated as one of the short 
formats of MOV. 

Although the MOV, ADD, SUB and CMP instruc- 
tions serve to perform operations with sign, the literal 
contains only the positive range. This is because the 
literal which can be used by MOV:Q, ADD:Q, SUB:Q 
and CMP:Q is in the range from 1 to 8 (operand field 
name: #3n). If src of the MOV and MOVU instruction 
is an immediate value, the relationship between the 
immediate value and the available format is as follows. 





(Mov) Z ac = 0 
Q 15 sre 38 
:E ~128 S rc S 127 
J erc is any number. 
G arc is any number. 
[MOVU] B OS src 255 
G src is any number. 


It is also applicable to the ADD, SUB and CM 
instructions. 


(if d2s) 
$1....§s-2.Ss—1] 
$1... . Ss—2.Ss—1] 


[SO. 
SO. 
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-continued 


1 
Sign-extended for d—s bits 


(RO.R1..... Rd—s+1.Rd—s.Rd—s+1....Rd-—2.Rd-1] 
(Set to dest) 
(If d<s) 
{S0.S1..... Ss—d—1.Ss—d.Ss—d+1....$s—2.Ss—1] — 
-[Ss—d.Ss—d+1]....§s—2.Ss—}] + 
t 
s—d bits (SQ.S1..... Ss—d-— 1) are truncated 
{ Ro. Rl. _Rd— 2.Rd—1) 
(set to dest) 
M_flag RO 
Zfag ([ROtod—l} =0 
V_flag* S[S] < —2« (d—1)} or. S{S] 2 +24 (d—1) 
In other words, ifd2 5, they are cleared. 
If d>s, when, 
SO=Sl=..... = Ss—d—1 = Ss—d(=RO0) 


they are cleared. Otherwise, the flag is set. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When WW=‘Il’ 

When EaR or ShR is @-SP 

When EaW or ShW is #imm_—data or + @SP+ 
MNEMONIC: 

MOVU src,dest 
OPERATION: 

zex(stc)= = >dest 

Move and zero-extend data. 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 67: shown in FIG. 51. 

STATUS FLAGS AFFECTED 67: shown in FIG. 
§2. 

DESCRIPTION: 

Move the contents from the source operand src to the 
destination operand dest. 

If the size of the source operand is smaller than that of 
the destination operand, the data of the source operand 
is zero-extended. 

If the value of the source operand cannot be repre- 
sented as an unsigned integer with the size of the desti- 
nation operand because the size of the destination oper- 
and is smaller than that of the source operand, V_flag 
is set. 





(if d2s) 


(SO. $1....Ss—2.Ss—1} - 
[Oo Og wakes 0. SO. $1....Ss—2.Ss—1i] > 
Zero-extended for d—s bits 
OR1)..... Rd—s+1.Rd—s.Rd—s+1....Rd—2.Rd—1] 
(Set to dest) 
{if d<s) 
{S0.S1..... Ss—d—1.Ss—d.Ss—d+1....Ss—2.Ss—1} > 
(Ss—d.Ss—d+1....Ss—2.Ss—1] — 
s—d bits (SO.S1..... Ss—d—1) are truncated. 
{ Ro. R1....Rd—2.Rd-1] 
(set to dest) 
M_flag RO 
Z_flag [ROtod-l} =0 
V_flag* U[S] = +2ad 
In other words, if dZs, they are cleared. 
If d=s, when, 
so = Sl = .. = Ss—d-1=0 


it is cleared. Otherwise, it is set. 


PROGRAM EXCEPTION: 
Reserved instruction exceptions 
When RR='1!’ 
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When WW=‘Il’ 

When EaR is @-SP 

When EaW is #imm—data or @SP+ 
MNEMONIC: 

PUSH src 
OPERATION: 

push to stack 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 69: shown in FIG. 53. 

STATUS FLAGS AFFECTED 70: shown in FIG. 


54, 

DESCRIPTION: 

Push the contents of the source operand src to the 
stack. 

Although this instruction can be considered as a short 
form of ‘MOV *, @-SP’, its status flag is not changed 
and functions symmetrically to POP, it is treated as a 
different instruction. 

The @SP+ mode cannot be used in the addressing 
mode specified by src/EaRL because the @-SP mode 
cannot be used by dest/EaWL of the POP instruction. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When R=?’ 

When EaRL is @SP+ or @-SP 
MNEMONIC: 

POP dest 
OPERATION: 

pop from stack 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 71: shown in FIG. 55. 

STATUS FLAGS AFFECTED 72: shown in FIG. 


56. 
DESCRIPTION: 
Move the contents which are popped from the stack 


40 to dest. This instruction can be considered a short form 
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of MOV @SP-, *. Since the operation where SP is 
contained in src differs from that of MOV @SP-+, and 
the flag status is not changed, it is treated as a different 
instruction. 

The @-SP mode cannot be used in the addressing 
mode specified by dest/EaWL. If it is specified, a re- 
served instruction exception (RIE) occurs. This is be- 
cause if the instruction PIP @-SP is executed, it is not 
clear when SP is updated. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When W=‘!’ 

When EaWL is #imm_data, @SP+ or @-SP 
MNEMONIC: 

LDM src,reglist 
OPERATION: 

load multiple registers 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 73: shown in FIG. 57. 

STATUS FLAGS AFFECTED 74: shown in FIG. 
58. 

DESCRIPTION: 

Load the multiple registers from the memory. Spec- 
ify the registers to be loaded using the bit map re- 
glist/LIRL (register list). LIRL should follow the ex- 
tension portion of EaRmL. 
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Specify the bit map of the register list to be loaded 75 
in the following manner shown in FIG. 59. 

When the addressing mode @SP+ is specified by 
EaRmL, the contents are popped in order beginning 
with the smallest number register. The contents of SP 
increase 4 times (or 8 times) as fast as the number of 
register being loaded. When another addressing mode is 
specified, the effective address being obtained points to 
the beginning of the memory data to be loaded into the 
registers. In any case, the smaller number registers are 
located at the smaller number addresses. 

The format of the registers’ bit mpa to be loaded is 
determined so that the next register where data is 
moved can be identified by the same circuit as that used 
by the BSCH/F and BVSCH/F instructions. The cir- 
cuit where the ‘0’ or ‘1’ bits which occurs next time can 
be searched in the MSB direction. For LDM @SP+, 
since data is moved from the smaller number registers, 
the smaller number registers are on the MSB side. In the 
case of other addressing modes, since the start address 
of the register save block is treated as an effective ad- 
dress, it is necessary to move data from the smaller 
number registers. Thus, the same format as LDM 
@SP-+ is used. 

These formats are determined by considering the data 
movement order of the registers. If the hardware re- 
source is small, the data movement order described 
above is very suitable. However, since the real data 
movement order is not defined in the data processor of 
the present invention specifications, it can be freely 
determined when it is implemented. 

In the EaRmL addressing mode, the specification of 
@-SP, register direct mode Rn, immediate mode #im- 
m_adata and additional mode are illegal. The additional 
mode is inhibited because if an overlap exists between 
the registers and register save area which are saved and 
restored by LDM and STM and those which are used in 
the additional mode, it becomes difficult to reexecute 
the instruction. 

If the register list is all zeroes, no operation is per- 
formed and the instruction is terminated (rather than 
flagging the occurrence of an error). 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When R=‘I’ 

When EaRmL is Rn, #imm_—data, @-SP or addi- 

tional mode 
MNEMONIC: 

STM reglist,dest 
OPERATION: 

store multiple registers 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 76: shown in FIG. 60. 

STATUS FLAGS AFFECTED 77: shown in FIG. 
61. 

DESCRIPTION: , 

Store the contents of multiple registers to memory. 
Specify the registers to be stored by the bit map re- 
glist/LsWL (register list). LsWL should follow the 
extended portion. ; 

Specify the bit map 78, 79 of the register list (reglist) 
to be stored in the manner shown in FIG. 62, 63. 

When the addressing mode of @-SP is specified to 
EaWmL, the contents are pushed in order beginning 
with the largest number register. The contents of SP 
decrease 4 times (or 8 times) as much as the number of 
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registers being saved. When another addressing mode is 
specified, the effective address being obtained points to 
the beginning of the memory data to be saved to the 
registers. In any case, the smaller number registers are 
located at the smaller number addresses. 

The format of the registers’ bit map to be moved is 
determined so that the next register where data is 
moved can be identified by the same circuit as that used 
by the BSCH/F and BVSCH/F instructions which 
search for the first occurence of ‘0’ or ‘1’ starting with 
the LSB and moving toward the MSB. 

Since data is moved from the larger number registers, 
the larger number registers are on the MSB side in STM 
@-SP. In other addressing modes, since the start ad- 
dress of the register save block is treated as the effective 
address, it is necessary to move data from the smaller 
number registers, so the smaller number registers are on 
the MSB side. 

These formats are determined by the data movement 
order of the registers. If the hardware resource is small, 
the data movement order described above is very suit- 
able. However, since the real data movement order is 
not defined in the data processor of the present inven- 
tion specifications, it can be freely determined when 
implemented in hardware. 

In the EaWmL addressing mode, the specification of 
@SP-+-, register direct mode Rn, immediate mode #im- 
m__data and additional mode are illegal. The additional 
mode is inhibited because if an overlap exists between 
the registers and register save area, which are saved and 
restored by LDM and STM, and those which are used 
in the additional mode, it becomes difficult to reexecute 
the instruction. 

In the LDM and STM instructions, the memory area 
is not assigned to the registers where data is not moved. 
For example, 


STM.W (R1,R3,R9),@-SP 


causes the following operation. (However, assume that 
the SP value before executing the instruction is initSP.) 
R9= = >men[initSP - 4] 
R3==>men(initSP - 8] 
R1== >menfinitSP - 12] 
If the register list is all zeros, no operation is performed 
and the instruction is terminated (rather than flagging 
the occurrence of an error). 
PROGRAM EXCEPTION: 

Reserved instruction exception 

- When W=‘?l’ 

- When EaWmL is Rn, #imm_data, @SP-+ or addi- 

tional mode 

MNEMONIC: 

MOVA scraddr,dest 
OPERATION: 

address of src= = >dest 

Move address of src to dest 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 80: shown in FIG. 64. 

STATUS FLAGS AFFECTED 81: shown in FIG. 
65. 

DESCRIPTION: 

Move the effective address of the source operand to 
the destination operand. 
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Although the operation of the instruction is equiva- 
lent to the MOV instruction, this instruction is treated 
as a different instruction. The MOVA instruction fea- 
tures the address calculation on the left-side, pointer 
operation in high level language and application is an 
address calculation circuit, resulting in much faster 
calculation. 

The following instruction in the short format 


MOVA:R G@Xdisp:16,Rs),Rd 


actually becomes a three-operand addition instruction. 
Rs+disp:16->Rd 


However, since the status flags are not changed, this 
instruction is classified as the MOVA instruction. 

When the PC relative indirect mode is specified to 
srcaddr and the PC relative displacement is set to 0, the 
current PC value, that is, the start address of the 
MOVA instruction, is stored in dest. On the other hand, 
when the instruction length of the MOVA instruction is 
specified as the PC relative displacement, the address of 
the instruction following the MOVA instruction is 
stored in dest. These functions are useful when the 
coroutine process is performed. 

In the assembler, the size is specified by the <OPER- 
ATION> or dest. srcaddr serves only for caliculating 
the address rather than for specifying the size. 

In the addressing mode specified by EaA, the imme- 
diate, @SP+, and @-SP modes are not used. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When + ='0 

When=‘1’ 

When EaA is Rn, #imm_data, @SP+ or @-SP 

When EaW is #imm—data or @SP+ 
MNEMONIC: 

PUSHA srcaddr 
OPERATION: 

push address to stack 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 

SYNTAX 82: shown in FIG. 66. 

STATUS FLAGS AFFECTED 83: shown in FIG. 
67. 
DESCRIPTION: 

Push the effective address of the source operand 
(srcaddr) to the stack. 

Although this instruction can be considered as a short 
format of MOVA *, @-SP. It is treated as a different 
instruction. It features an increase in the execution 
speed over the MOV instruction. 

PROGRAM EXCEPTION: 

Reserved instruction exception 

When S=‘l’ 

When EaA is Rn, #imm_—data, @SP+ or @-SP 

12-2 Comparison and Test Instructions 
MNEMONIC: 

CMP srcl,src2 
OPERATION: 

src2-srcl, flags affected 

Comparison and sign-extension and comparison 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 84: shown in FIG. 68. 
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STATUS FLAGS AFFECTED 85: shown in FIG. 
69. 

DESCRIPTION: 

Compare the contents of the src] operand to those of 
the src2 operand and set PSB (L_flag and Z_flag). 

If the size of the src] operand differs from that of the 
src2 operand, the smaller size operand is sign-extended 
and both the contents are compared. 

In the EaR!I and ShR!I modes, the immediate is inhib- 
ited, while in the @SP+ mode, it is available. In the 
‘CMP @SP+, @SP+’, although the stack pointer 
changes twice as much as the size of the operand, this 
instruction may be used to simulate a stack machine. 

Although CMP:zZ is one of the test instructions, since 
its operation and status flags change are the same as 
those of the CMP instruction, it is treated as one of the 
short formats of CMP. 

The operation of CMP is described using the follow- 
ing instructions: 


stcl = [S0.S1... Ss—2.Ss—1] 
src2 = [D0.D}... Dd—2.Dd—-1} 
(if d2s) 
(DO.D1..... Dd—s—1.Dd—s.Dd—s+1....Dd—2.Dd—-1] - 
[So.so......... SO. SO. St....8s—2.Ss—1] — 
Sign-extended for d—s bits 
[RORI..... Rd—-s—1.Rd—s.Rd—s+1.... Rd—2.Rd— 3) 
(Not set to any location) 
(If d<s) 
fbo.Do......... DO. DO. Di.... Dd—-2.Dd-1} - 
Sign-extended for s—d bits 
[SO.S}..... Ss—d—1.Ss—d.Ss—d+1....Ss—2.Ss—1}] + 
(FGFi..... Fs—d—1.Fs—d.Fs—d+1....Fs—2.Fs—1]} 
(Not set to any location) 
L_flag* S[D] < S[S} 
Same as SUB instruction 
Z_flag ([ROtod-1]=0 (If dzs) 


[FOtos—1}=0 (ifd<s) 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘ll’ 

When SS=‘11’ 

When EaR or ShR is @-SP 

When EaR!I or ShR!I is #imm_—data or @-SP 
MNEMONIC: 

CMPU srcl,src2 
OPERATION: 

src2-srcl, flags affected 

Zero-Extension and comparison 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 86: shown in FIG. 70. 

STATUS FLAGS AFFECTED 87: shown in FIG. 
71. 

DESCRIPTION: 

Compare the contents of the srcl operand to these of 
the src2 operand and set PSB (L_flag and Z_flag). 

If the size of the src] operand is smaller than that of 
the src2 operand, the smaller size operand is zero- 
extended and both the contents are compared. 

In the EaR!I mode, the immediate is inhibited, while 
in the @SP+ mode, it is available. 

The operation of CMPU is described using the fol- 
lowing instructions: 


src] = [S0.S1... Ss—2.Ss—1] 
src2 = [DO.D1... Dd—2.Dd—1) 
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-continued 


(if d2s) 


[D0.D! Dd—-s—1.Dd—s.Dd—s+1.... Dd—2.Dd— 1] - 

[020s sia: 0. SO. $1....Ss—2.Ss—1} > 

Zero-extended for d—s bits 

[RO.R1 Rd~s—1.Rd—s.Rd—s+1....Rd—2.Rd—1) 
(Not set to any location) 


(lf d<s) 
[0.0% circ cies 0. Do. 
Zero-extended for s—d bits 
Ss—d—1.Ss—d.Ss—d+1....Ss—2.Ss—1] + 
Fs—d—1.Fs—d.Fs—d+1.... Fs—2.Fs—t} 
(Not set to any location) 
Up] < U[s] 


Same as SUBU instruction 
(ROtod—I}=0 (If dz2s) 
* [FOtos—1]=0 (fd<s) 


D1.... Déd—2.Dd-1] - 
10 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 
When RR='‘1L?’ 

When SS=‘11’ 

When EaR is @-SP 

When EaR'I is #imm_—data or @-SP 


20 


MNEMONIC: 


CHK bound,index,xreg 25 


OPERATION: 


check upper and lower bounds 
check the range of the array 


OPTIONS: 


/S Subtract lower bound value. 30 
/N Do not subtract lower bound value. (Default) 
INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 88: shown in FIG. 72. 

STATUS FLAGS AFFECTED 89: shown in FIG. 

: 35 
DESCRIPTION: 

Check the range of the array index and load it into the 
register. 

At the address specified by bound, a pair of upper and 
lower bound values are placed. The upper and lower 
bound values are compared to the contents of the com- 
parison value operand which is fetched by the index. 
The upper bound value is placed at the effective address 
of bound, while the lower bound value is located at the 
address of: (effective address of bound + operand size). 
The comparison is made using signed integers. If the 
comparison value is not in the range between the upper 
bound value and lower bound value, V_flag is set. 
Therefore, by executing the TRAP instruction, it is 
possible to start the exception process. When /S is spec- 
ified, the value where the lower bound value is sub- 
tracted from the comparison value, is loaded to the 
register xreg. When /S is not specified, the comparison 
value is directly loaded to the register xreg. The com- 
parison value being loaded to the register is often used 
to calculate the address of the array index. 


Operation: 


40 


45 


. 


tmp = mem[address_of_bound + operand_size) 
if (index = mem[address_of_bound] .or. index = tmp) 
then 
set V_fiag; 
if (c == 1) 
then 
index — tmp — xreg 
else 
index — xreg 
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Since ‘address—_of_’ is the inverse operator of ‘mem|[ 
.. ]’, the meaning of bound is the same as that of mem- 
[address_of_bound]. 

If the comparison value accords with the lower 
bound value, it is treated as being in the range. If the 
comparison value accords with the upper bound value, 
it is treated as being out of the range. For example, if the 
memory of bound is (0,100), CHK treats 0 to 99 of the 
index as being in the range. 

L_flag and Z_flag are set in accordance with the 
result of the comparison to index like CMP. In the 
following case, L_fiag =1. 

index <lower bound value 

This relation 90 is tabulated as in FIG. 74. 
notel: LBV stands for lower bound value, UBV stands 

for upper bound value. 
note2: If the upper bound value<lower bound value, 

the comparison value may become ‘1’ due to compar- 
ison to the lower bound value. 

In this case, the flags are set depending on the opera- 
tion result of (index - lower bound value). The follow- 
ing three instructions show that L_flag is set if the 
contents of the second operand are smaller than those of 
the first operand (lower bound value of the first oper- 
and bound in CHK). 


CMP srcl,src2 
SUB src,dest 
CHK 


bound. index,xreg 


The CHK instruction does not check (upper bound 
valueZlower bound value). The instruction should 
function as described in the “Operation” above regard- 
less of the upper bound value and lower bound value. 

In the addressing mode specified by EaRdR, the 
register direct Rn, @-SP, @SP+ and #imm_data 
modes cannot be used. If it is necessary to compare 
some value to that in a register, use CMP twice rather 
than CHK. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘l!’ 

When EaR is @-SP 

When EaRGR is Rn, #imm_—data, @SP+ or @-SP 

12-3 Arithmetic Instructions 
MNEMONIC: 

ADD src,dest 
OPERATION: 

dest-+src= = >dest 

Addition or addition with sign-extension 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 91: shown in FIG. 75. 

STATUS FLAGS AFFECTED 92: shown in FIG. 
76. 

DESCRIPTION: 

Add the contents of the source operand (src) to those 
of the destination operand (dest). 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is sign- 
extended and the contents of the source operand are 
added to those of the destination operand. 

If the result of the operation cannot be expressed as a 
signed integer in the size of the destination operand 
because its size is smaller than that of the source oper- 
and, V_flag is set. 
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For doing ADD:L @SP+,SP in the L-format, like 
ADD:G @SP+,SP, it is recommended that the follow- 
ing operation be performed. 


(initSP + 4)+ @initSP = = > SP 


However, it may be difficult to perform such an opera- 
tion in the L-format, so the operation of ADD:L 
@SP+,SP should depend on the implementation. 





(if dZs) 
(DO.D1..... Dd—s—1.Dd—s.Dd—s+1.... Dd—2.Dd—1) + 
[SO.S0......... SO. $0  Sl....Ss—2Ss—l]—> 


Sign-extended for d — s bits 


[RORI..... Rd—s—1.Rd—s.Rd—s+1....Rd—2.Rd—1) 
(Set to dest) 
af d<s) 

fDO.DO......... Do. Do. D1.... Dd—2.Dd—-1) + 


Sign-extended for d — s bits 


[SO.S1..... Ss—d—l.ds—d.Ss—d+1....Ss~—2.Ss—1] > 

[FO.F1..... Fs—d—1.Fs—d.Fs—d+1.... Fs—2.Fs—1]— 
{ Ro. R1....Rd—2.Rd—1} 
(Set to dest) 

FOF]..... Fs—d—-1 


s — d bits are truncated. 
L_flag* S[D) + S[S] < 0 
Show a negative result. 
(M_flag correctly represents the result as positive or nega- 
tive only when there is no overflow.) 


M_flag RO 
Z_flag ([ROtod-1] =0 
V_flag S[D} + S[S] < —2 (d—1).or. S[D) + S[S] 2 
+2 (d—-1) 
X_flag* The carry bit is loaded into X_flag. The number of 
bits in (size of) dest determines where the carry 
bit is needed. 
dif d2s) 
U[DO.D1..... Dd-—s—1.Dd—s.Dd—s+1...,.Dd—2. 
Dd—1] + 
U[SO.SO......... SO. SO. $1....Ss—2.Ss—1] 2 +2ad 
Sign-extended for d — s bits 
(if d<s) 
Ul DO. D})....Dd—2.Dd—-1] + 
U[Ss—d.Ss—d+1....Ss—2.Ss—1] 2 +2ad 
SO.S1..... Ss—d—-1 


s — d bits are truncated. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR is ‘11 

When MM is ‘11’ 

When EaR or ShRw is @-SP 

When EaM or ShM is #imm_data, @SP+ or @-SP. 
MNEMONIC: 

ADDU src,dest 
OPERATION: 

dest +src= = >dest 

Zero-Extension and addition 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 93: shown in FIG. 77. 

STATUS FLAGS AFFECTED 9: shown in FIG. 
78. 
DESCRIPTION: 

Add the contents of the source operand (src) to those 
of the destination operand (dest). 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is zero- 
extended and the contents are added to those of the 
destination operand. 

If the operation result cannot be represented as an 
unsigned integer in the size of the destination operand 
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because the size of the destination operand is smaller 
than that of the source operand, V_flag is set. 
Because the operation result always becomes posi- 
tive, L_flag of ADDU is always reset to 0. 


(if d2s) 
[DO.D1..... Dd—s—1.Dd—s.Dd—s+3..... Dd—2. 
Dd—1) + 
(O.0..........0 So. $1....Ss—-2.Ss—1] > 
Zero-extended for d — 5 bits 
[RORI..... Rd—s—1.Rd—s.Rd—s+1....Rd—2.Rd—1) 
(Set to dest) 
df d<s) 
(0.0 eevee. Q. DO. D1.... Dd—2.Dd—-1) + 
Zero-extended for s — d bits , 
(S0.S1..... Ss—d—1.Ss—d.Ss—d+1..... Ss—2.Ss—1] — 
(FO.F1..... Fs—d--1.Fs—d.Fs—d+1....Fs—2.Fs—1] — 
[ Ro. R1....Rd—2.Rd-1] 
(Set to dest) 
FOFI..... Fs—d—I 
s — d bits are truncated. 
L_Flag 0 
M_flag RO 
Z_flag [ROtod-—1]=0 
V_flag U[D] + U[S) 2 +24 
X_flag* The carry bit is loaded into X_flag. The number of 
bits in (size of) dest determines where the carry 
bit is needed. 
(If dZs) 
U[DO.DI..... Dd~s—1.Dd—s.Dd—s+1.... Dd—-2. 
Dd-1}) + 
ULO.O.......... 0 SO. $1....Ss—2.Ss—1} 2 +24d 
Zero-extended for d = s bits 
Same as V_flag of ADDU instruction 
(if d<s) : 

Ul DO. DI....Dd—2.Dd-1] + 
[Ss—d.Ss—d+1....$s—2.Ss—1] = 
+2ad 

SO.S1..... Ss—d-1 
s — d bits are truncated. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘I1’ 

When MM = ‘ll’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 
MNEMONIC: 

ADDxX sre,dest 
OPERATION: 

dest -+src+X_flag = = >dest 

Addition with a carry 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 95: shown in FIG. 79. 

STATUS FLAGS AFFECTED 96: shown in FIG. 
80. 

DESCRIPTION: 

Add the contents (X_flag) of the source operand 
(src) with the carry to the contents of the destination 
operand (dest). 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is sign- 
extended and the contents are added to those of the 
destination operand. 

The flag value of Z_flag can be accumulated. The 
status flags of ADDX, including sign- and zero-exten- 
sion, are the same as those of ADD, eacept for Z_flag. 

For the different size operands in ADDX and SUBX, 
for example, if the contents of 4 bytes in src are added 
to the contents of 8 bytes in dest2 to dest1, this instruc- 
tion may be used as ADDX:E #0 in the following: 
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ADD @src.W,@dest1.W 
ADDX  #0,@dest2.W 


(fds): 
[DO.D1..... Dd—s—1.Dd—s.Dd-s+]....Dd-—2.Dd-I] + 5 
{SO.SO......... So. SO. S1....Ss—2.Ss—1]} + 
X_flag — 
Sign-extended for d — s bits 
[RO.RI..... Rd—s—1.Rd—s.Rd—s+1....Rd—2.Rd—1} 
(Set to dest) 
(if d<s) 10 
(DOs sno Do. DO. Di..... Dd —2.Dd—1] + 
Sign-extended for s — d bits 
(SO.S1..... Ss—d—1.Ss—d.Ss—d+1.... Ss—2.Ss—1] + 
X_flag — 
FOF]..... Fs—d—1.Fs—d.Fs—d+1.... Fs—2.Fs—1} — 15 
[ RO. Ri.... Rd—2.Rd—1] 
(Set to dest) 
FO.F1..... Fs—d—! 
s — d bits are truncated. 
L_flag* S[D] +S{S) + X_flag < 0 
20 


Assume that the number is signed, perform the opera- 
tion, and represent the result as negative. If d34s, sign- 
extend the operand and compare the contents of both 
the operands. (M_flag correctly represents the result as 
positive or negative only when there is no overflow.) 





M_flag 
Z_fag 
V_flag 


RO 

[RO to d— 1} = Q.and. previous Z__flag 

S[D] + S[S] + X_flag << —2 (d—1).or. 

S[D] + S[S]+ X_flag 2 +2 (d—-1}) 

Assume that the number is signed and represent the 
result has overflowed. If d = s, the operand is 
sign-extended. 

The carry bit is loaded in X_flag. The number of 
bits in (size of) dest determines where the carry 

bit is needed. 


30 


X_flag* 


35 

(if dzs) 
U[DO.D1 
Dd—1] + 
U[S0.SO 


Dd—s—1.Dd—s.Dd—s+1.. . Dd—2. 


$1....Ss—2.Ss—i} + 
X_flag = +2 d 


Sign-extended for d — s bits 


If d>s, sign-extend the operand so that it is used in 
conjunction with other flag setting operations such as 
dest. However, the operand is treated as an unsigned 
number in the operation is done after the operand is 
sign-extended. 


45 





(if d<s) 


Ul Do. 50 


D1.... Dd—2.Dd—1} + 
U[Ss—d.Ss—d+1....Ss—2Ss—1] + X_flag = 
+2 d 

$0.51 Ss—d-t 

s — d bits are truncated. 


55 
PROGRAM EXCEPTION: 


Reserved instruction exceptions 
When RR=‘11’ 
When MM=‘I!’ 
When Ear is @-SP 
When EaM is #imm—data, @SP+ or @-SP 
MNEMONIC: 
SUB src,dest 
OPERATION: 
dest - src= = >dest 
Subtraction or subtraction with sign-extension 
OPTIONS: 
None 


° 
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INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 97: shown in FIG. 81. 

STATUS FLAGS AFFECTED 98: shown in FIG. 
82. 

DESCRIPTION: 

Subtract the contents of the source operand (src) 
from those of the destination operand(dest). 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is sign- 
extended and the contents of the source operand are 
subtracted from those of the destination operand. 

If the operation result cannot be represented as a 
signed integer in the size of the destination operand, 
V_flag is set. 





(If d2s) 
(DOD1..... Dd—s—1.Dd—s.Dd—s+1.... Dd—2.Dd— 1}- 
[S0.SO......... SO. SO. SI....Ss—2.Ss—1] — 


Sign-extended for d — 5 bits 


[RORI..... Rd-—s—1.Rd—s.Rd—s+1.... Rd—2.Rd—1} 
(Set to dest) 

(If d<s) 
(be.Do......... DO. DO. Di1....Dd—2.Dd—-1)- 


[SO.S1..... Ss—d—1.Ss—d.Ss—d+1!....Ss—2.Ss—1} — 

(FO.F1..... Fs—d—1.Fs—d.Fs—d+!..-.. Fs—2.Fs—1] — 
[ RO R1....Rd—2.Rd—1} 
{Set to dest) 

FO.FI..... Fs—d—1 

S — d bits are truncated. 

L_flag* S[D] — S[S] < 0 
Show a negative result. (M_—flag correctly 
represents the result as positive or negative 
only when there is no overflow.) 

* M_flag RO 

Z_flag (RO to d—1tJ = 0 

V_flag S[D] — S[S] < —24 (d—1) .or. S[D} —S[S} 2 
+24 (d—}) 

X_flag The borrow bit is loaded into X_flag. The number of 
bits in (size of) dest determines where the borrow 
bit needed. 

(if d2s) 

U[DO.D1..... Dd—s—1,.Dd—s.Dd—s+1.... Dd—2.Dd—1]- 
U[S0.S0......... SO. SO. SIl....Ss—2Ss—t} <0 
Sign-extended for d — 5 bits 

dif d<s) 

LU DO. DtI....Dd—2.Dd—1)- 
U[Ss—d.Ss—d+1....§s—2.Ss—1] < 0 
SOS1]..... Ss—d—1 


s — d bits are truncated. 





PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When MM =‘1!’ 

When EaR or ShRw is @-SP 

When EaM or ShM is #mm_data, @SP+ or @-SP 
MNEMONIC: 

SUBU src,dest 
OPERATION: 

dest - src= = >dest 

Zero-extension and subtraction 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 99: shown in FIG. 83. 

STATUS FLAGS AFFECTED 100: shown in FIG. 
84. 
DESCRIPTION: 

Subtract the contents of the source operand (src) 
from those of the destination operand (dest). 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is zero- 
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extended and the contents of the source operand are 
subtracted from those of the destination operand. 
If the operation result cannot be represented as an 
unsigned integer in the size of the destination operand, 
V_flag is set. 





(Hf d2s) 
[POD!I..... Dd—s—1.Dd—s.Dd—s+1.... Dd-2.Dd—1]- 
[0.0..........0. SO. §S1....Ss—2.Ss—1] 
Zero-extended for s — d bits 
[RORI..... Rd—s—1.Rd—s.Rd—s4+1....Rd—2.Rd—1) 
(set to dest) 
dif d<s) 
[0.0.......... 0. Do. Di..... Dd—-2.Dd—1)- 
Zero-extended for s — d bits 
[SO.S1..... Ss—d—1.Ss—d.Ss—d+1....Ss—2.Ss—1] — 
[FO.F1..... Fs—d—1.Fs—d.Fs—d+1....Fs—2.Fs—1] — 
{ RO R1....Rd—2.Rd-1] 
(Set to dest) 
FOFI...... Fs—d— 
S — d bits are truncated. 
L_flag* U[D] — U[S} < 0 
Show a negative result. (M_flag correctly 
represents the result as positive or negative 
only when there is no overflow.) 
M_flag RO 
Z_flag [RO tod~—1] = 0 
V_flag U[D] — U[S} < 0 
Same as L_flag of SUBU instruction 
X_flag* The borrow bit is loaded into X_flag. The number of 
bits (size of) dest determines where the borrow 
dit is needed. 
(if dZs) 
U[DO.D1..... Dd-s—1.Dd—s.Dd—s+1.... Dd—2.Dd—-1]- 
ULO0.......... 0 SOQ SIL....Ss—2Ss—1}) <0 


Zero-extended for d — s bits 
Same as X_flag of SUB instruction and L_flag and 
V_flag of SUBU instruction 
(if d<s) 
Ul DO. Di..... 
U[Ss—d.is—d+].... 


Dd—2.Dd-1}- 
Ss—2.Ss—1] < 0 


s — d bits are truncated. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘II’ 

When MM=‘11’ 

When EaR is @-SP 

When EaM is #imm—data, @SP+ or @-SP 
MNEMONIC: 

SUBX src,dest 
OPERATION: 

dest - src - X_flag= = >dest 

Subtraction with a carry 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 101: shown in FIG. 85. 

STATUS FLAGS AFFECTED 102: shown in FIG. 
86. 

DESCRIPTION: 

Subtract the contents of the source operand (src) 
with the carry from those of the destination operand 
(dest). 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is sign- 
extended and the contents of the source operand are 
subtracted from those of the destination operand. 

The flag value of Z_flag can be accumulated. The 
status flags of SUBX including sign- and zero-extension 
are the same as those of SUB except for Z_flag. 
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(If d2s) 
[DO.D1..... Dd—s—1.Dd—s.Dd—s+1....Dd—2.Dd—1}- 
SOSOo coves So. SO. .- Ss—2.Ss—1} — 
X_flag — 
Sign-extended for d — 5 bits 
(ROR1..... Rd-—s—1).Rd—s.Rd—s+1.... Rd—2.Rd-1] 
(Set to dest) 
Qf d<s) 
BDO eccoiie vite ite Do. DO DiI....Dd-2.Dd-})- 
Sign-extended for s — d bits 
(SO.S1..... Ss—d—1.Ss—d.Ss—d41....Ss—2Ss—1] — 
X_flag — 
(FOFI..... Fs—d—I.Fs—d.Fs—d+t....Fs—2.Fs—1t]— 
[ RO RI....Rd-—2.Rd-1] 
(Set to dest) 
FOFI..... Fs—d-1 
$s — d bits are truncated. 
L_flag* S[D] — S{S] — X_flag < 0 
Assume that the number is signed and show the 
result as negative. If d 5 s, the operand is 
sign-extended and then both operands are compared. 
(M_flag correctly represents the result as 
positive or negative only when there is no overflow.) 
M_flag RO 
Z_flag [RO to d—1] = O.and. previous Z_flag 
V_flag S[D] — S[S] — X_flag < -2 (d—1).or. 
S[D] — S[S] — X_flag = +2 (d-1) 
Assume that the number is signed and represent 
that the result is overflowed. If d + s, the 
operand is sign-extended. 
X_flag* The borrow bit is loaded into X_flag. The 
number of bits in (size of} dest determines where the 
borrow bit is needed. 
(If d2s) 
U[D0.D1..... Dd-s—1.Dd-s.Dd—s+1....Dd—2.Dd—-1]- 
U[SO.SO......... SO. SO. S}....Ss—2.Ss—1] — 
X flag < 0 
Sign-extended for d — 5 bits 


If d>s, sign-extend the operand so that this operand is 
used in conjunction with other flag setting operations 
such as dest. However, the operand is treated as an 
unsigned number in the operation is done after the oper- 
and is sign-extended. 





(If d<s) 
Ul DO Di....Dd-—2.Dd-—1] - 
U[Ss—d.Ss—d+l....Ss—2.Ss—1] — X_flag < 0 
SO.S8)..... Ss—d—1 


s — d bits are truncated. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘il’ 

When MM=‘il’ 

When EaR is @-SP 

When EaM is #imm—data, @SP+ or @-SP 
MNEMONIC: 

MUL src,dest 
OPERATION: 

dest * src= = 

Multiplication 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 103: shown in FIG. 87. 

STATUS FLAGS AFFECTED 104: shown in FIG. 
88. 

DESCRIPTION: 

Multiply the contents of the destination operand 
(dest) by those of the source operand (src). The multi- 


>dest 
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plication is performed with signed numbers. The con- 
tents of the operands are treated as signed integers. 

This instruction is useful for high level languages 
because the size of the multiplicand is the save as that of 
the result. 

If the operation result cannot be represented as a 
signed integer because the size of the destination oper- 
and is small, V_flag is set. Even if an overflow occurs, 
M-_flag and Z_flag are set depending on the data 
which is set to dest (low order bit of correct result). For 
example, with RO=H’'10000 when executing the fol- 
lowing instruction 


MUL.W #H"10000,RO 


since the product becomes H'100000000, the following 
results are obtained: 

RO=0 (low order bit), V_flag=1, and Z_flag=1. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘ll’ 

When MM='11’ 

When EaR is @-SP 

When EaM is #imm_data, @SP+ or @-SP 
MNEMONIC: 

MULWU src,dest 
OPERATION: 

dest * src= = >dest 

Unsigned multiplication 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 105: shown in FIG. 89. 

MULU:G src/EaR,dest/EaM 

STATUS FLAGS AFFECTED 106: shown in FIG. 


90. 

DESCRIPTION: 

Multiply the contents of the destination operand 
(dest) by those of the source operand (src). The multi- 
plication is performed with unsigned numbers. The 
contents of the operands are treated as unsigned inte- 
gers. 

If the operation result cannot be represented as an 
unsigned integer because the size of the destination 
operand is smaller than that of the source operand, 
V—flag is set. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='‘Il’ 

When MM=‘I1’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 
MNEMONIC: 

MULX src,dest,tmp 
OPERATION: 

dest * src= = >reg&dest (double size) 

Extended multiplication, double size 
OPTIONS: a 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 107: shown in FIG. 91. 

STATUS FLAGS AFFECTED 108: shown in FIG. 
92. : 
DESCRIPTION: 

Multiply the contents of the destination operand 
(dest) by those of the source operand (src). Since the 
result of this instruction is double sized, the temporary 
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register tmp is specified for placing the high order bits 
of the product. The register is fixed to 32 bits (selected 
from 32/64 bits). The multiplication is performed with 
unsigned numbers. The size of the product is twice as 
much as the size of the multiplicand. 


[Operation of MULX} 

dest[0:31} * src[0:31] — tmp1[0:63) 
tmp1(32:63] — tmp[0:31] 
tmp1(0:31] —+ dest[0:31) 


Since MULX has two results to be obtained: one is dest 
and another is tmp, if the values of two results are over- 
lapped (i.e., the same register is used for dest and tmp), 
a problem occurs. 

Since tmp (high order digit of MULX) is often used 
for a carry out to the next digit, it may not be used for 
calculating the last digit. Thus, if both the results are 
overlapped, the value which should be set to dest (ow 
order digit) would be kept. 

The status flags of M_flag and Z_flag in MULX are 
changed according to dest. The value being set to tmp 
does not affect these flags because of the following 
reasons: , 

The status flags are changed in the manner of those of 
ADDX and SUBX. (Even if X_flag of ADDX and 
SUBX are set, when dest is 0, Z—flag is set.) 

In the case of multiple length operations, the status 
flags changed only by tmp and dest (tmp&dest) are not 
usefull. To change the flags in the proper manner, it is 
necessary to determine them in steps rather than one of 
them. Even if the status flags are changed by tmp and 
dest (tmp&dest), the correct result cannot be obtained. 

Example: 


(Before Execution] 
Rt ==H’00000000 dest= H’'20000000 src = H‘40000000 
MULX @src,@dest,R1 


[After Execution] 


tnp=H 
ees | 


Rl dest 


Since the value to be set to dest is 0, Z_flag is set. 

Unlike ADDX and SUBX, in MULX and DIVX, the 
status of Z_flag is not accumulatively changed. 

With F_flag, tmp=O can be tested. 

If !=0, the operation cannot be assured. 

In the data processor of the present invention, if !=0, 
the contents of the operand are fetched as !R (8 bits or 
16 bits) in the src size. It is sign-extended to 32 bits and 
the instruction is executed. 

However, dest and tmp are always treated as 32 bits 
regardless of !R. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When !R=‘11’ 

Note: If !=0, the instruction is not detected as a re- 

- served instruction exception. 

When EaR is @-SP 

When EaMR is #mm_data, @SP+ or @-SP 
MNEMONIC: 

DIV src,dest 
OPERATION: 
~ dest/src= = >dest 

Division 
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OPTIONS: 
None 
INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 109: shown in FIG. 93. 


STATUS FLAGS AFFECTED 110: shown in FIG. 5 


DESCRIPTION: 
Divide the contents of the destination operand (dest) 
by those of the source operand (src). The division is 


performed with signed numbers. (The contents of the 10 


operands are treated as signed integers.) 

Since the size of the dividend of this instruction is the 
same as that of the result, this instruction is usefull for 
high level languages. 


The quotient is rounded off to 0 and the sign of the 15 


remainder becomes the same as that of the dividend. 
Example: 


10/3 > Quotient = 3, Remainder = 1 
(= 10)/3 aa Quotient = (—3), Remainder = (—1) 
10/(—3) _ Quotient = (—3), Remainder = ! 


If src=0, 2 zero division exception (ZDE) occurs. In 


the case of division by zero, V_flag is set, so that the 25 


exception process is started. The value of dest is not 
changed, however the data processor of the present 
invention does not care whether the write access for the 
dest is performed or not. In addition, the status flags, 


except for V_flag, are not changed, so that it functions 30 


like dest. To analyze the cause where the exception 
occurs, it is necessary to keep the previous status (in- 
cluding status flags). 

Besides division by zero of DIV, only (minimum 


negative value)+(—1), causes an overflow. Unlike 35 


DIVX, since DIV is a conventional operation instruc- 
tion which is generated by the compiler, it is recom- 
mended they handle overflow the same way. To do 
that, the status flags are changed as follows: 


V_flag=1, L_flag=0, M_flag=1, Z—flag=0 40 


(Where the minimum negative number +(— 1)) 

An overflow occurs only when the minimum nega- 
tive number ~(— 1) occurs. Even if the low order bits of 
the correct result are set to dest, the status of dest is not 


changed. Even if it becomes the low order bits of the 45 


correct result, the value is not changed. 

Example: 

If DIV.H is executed while src=H’ffff=(—1) and 
dest = H’800000 =(— 32768), the following result is ob- 


tained. 50 


= = >dest = H'80000, V_flag=1 


It is possible to consider H’8000 of dest as the low 


order bits of the correct result (H’ . . . 008000=32768) 55 


or more simply, dest is unchanged. 

PROGRAM EXCEPTION: 
Reserved instruction exceptions 
When RR=‘i!’ . 


When MM=‘1!’ 60 


When EaR is @-SP 
When EaM is #imm_data, @SP+ or @-SP 
Zero division exception 
When src=0 
MNEMONIC: 6 
DIVU src,dest 
OPERATION: 
dest/src = = > dest 


a 
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Unsigned division 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 111: shown in FIG. 95. 

STATUS FLAGS AFFECTED 112: shown in FIG. 
96. 

DESCRIPTION: 

Divide the contents of the destination operand (dest) 
by those of the source operand (src). The division is 
performed by unsigned numbers. (The contents of the 
operands are treated as unsigned integers.) 

If src=0, a zero division exception (ZDE) occurs. In 
the case of division by zero, V_flag is set, so that the 
exception process is started. The value of dest is not 
changed, however the data processor of the present 
invention does not care whether the write access for the 
dest is performed or not. In addition, the status flags, 
except for V_flag, are not changed, so that it functions 


20 like dest. To analyze the cause where the exception 


occurs, it is necessary to keep the previous status (in- 
cluding status flags). 

Besides division by zero of DIVU instruction, V— 
flag is not reset by an occurrence of an overflow. Ex- 
cept for division by zero, V_flag is always cleared. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When MM=‘11’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 

Zero division exception 

When src=0 
MNEMONIC: 

DIVX src,dest,tmp 
OPERATION: 

teg&dest/src= = > dest, reg (quotient, remainder) 

Extended division, shortening size; and presence of 

remainder : 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 113: shown in FIG. 97. 

STATUS FLAGS AFFECTED 114: shown in FIG. 
98. 

DESCRIPTION: 

Divide the contents of the destination operand by 
those of the source operand. Since this instruction be- 
comes a primitive of multiple length division, a register 
besides src and dest, is used to place the temporary 
value (remainder) for the extension operation. The size 
is fixed to 32 bits (which is selected from 32/64). The 
division is performed with unsigned numbers. The size 
of the dividend becomes twice as much as the size of 
divider. 


{Operation of DIVX] 
concatinate(tmp(0:31},dest{0:31]) — tmp1[0:63) 
quo(tmp t(0:63],src[0:31])} —> dest{0:31) 
rem(tmp1[0:63),src(0:31]) —+ tmp[0:31] 


Since the DIVX has two results to be obtained: one is 
dest and another is tmp, if the values of two results are 
overlapped (if the same register is used for dest and 
tmp), a problem occurs. Since tmp (remainder of 
DIVX) is often used for a borrow to the next digit, it 
may not be used for calculating the last digit. Thus, if 
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both the results are overlapped, the value which would 
be sent to dest (quotient of DIVX) would be kept. 

Although DIVX is used when the dividend is multi- 
ple length, if the divider becomes multiple length, 
DIVX cannot be used. The division should be per- 
formed by repeating the shift operations and subtraction 
operations using a subroutine. A multiple length shift 
operation is required. To perform the multiple length 
shift operation, rotate instructions (SHXR) and SHXL) 
are provided using X_flag. 

The statuses of M_flag and Z_flag of DIVX are 
based on dest (quotient). The value (remainder) which 
is set to tmp does not affect such flags. However, with 
F_flag, tmp=O can be tested. 

Unlike ADDX and SUBX, Z_flag of MULX and 
DIVX is not accumulatively changed. 

If an overflow occurs as the result of the DIVX oper- 
ation, to match the specification of this instruction to 
the overflows of MOV, ADD, SUB and MUL, it is 
recommended that the low order bits of the correct 
result be set to dest. Unlike ADD and SUB, the low 
order bits of the correct result are not automatically 
obtained even if an overflow occurs. The division is 
calculated from the high order bits, so it is difficult to 
obtain the low order bits of the correct result due to the 
nature of the algorithm. Thus, if an overflow occurs in 
DIVX, dest is not changed. 

If an overflow occurs because the quotient is not 
contained in dest in the DIVX operation, the status 
flags, except for the V_flag, are not changed. If an 
overflow occurs in the DIVX operation, dest is not 
changed. 

If src=0, a zero division exception (ZDE) occurs. If 
division by zero occurs, the contents of dest and tmp are 
not changed, however the data processor of the present 
invention does not care whether the write access of dest 
is performed or not. The status flags, except for the 
V_flag, are not changed so that they accord with the 
contents of dest. It is recommended to keep the previ- 
ous status (including status flags) to analyze the cause 
the exception by the exception process program. 

If !=0, the operation of the instruction is not assured. 
In the data processor of the present invention, if !=0, 
the contents of the operand are fetched as !R (8 bits or 
16 bits) in the src size. It is sign-extended to 32 bits and 
the instruction is executed. 

However, dest and tmp are always treated as 32 bits 
regardless of !R. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When !=‘0’ 

When R='‘l’ 

When EaR is @-SP 

When EaMR is #imm—data, @SP+ or @-SP 

Zero division exception 

When src=0 
MNEMONIC: 

REM src,dest 
OPERATION: 

dest % src= = >dest 

Remainder 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 115: shown in FIG. 99. 

STATUS FLAGS AFFECTED 116: shown in FIG. 
100. 

DESCRIPTION: 
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Divide the contents of the destination operand (dest) 
by those of the source operand (src) and obtain the 
remainder. The division is performed with signed num- 
bers. (The contents of the operands are tested as signed 
integers.) 

Since the size of the dividend is the same as that of the 
remainder, this instruction is usefull to high level pro- 
gramming languages. 

The quotient is rounded off toward 0 and the sign of 
the remainder becomes the same as that of the dividend. 

Example: 


10/3 > Quotient = 3, Remainder = 1 
(—10)/3 Quotient = (—3), Remainder = (-—1) 
10/{—3) — Quotient = (—3), Remainder = 1 


If src=0, a zero division exception (ZDE) occurs. 
However, if division by zero is performed in REM, the 
overflow is cleared and the exception process is started. 
Unlike the DIV instruction, the zero division of the 
REM instruction does not cause dest (remainder) to be 
overflowed, so it is necessary to clear V_flag. 

When V__flag is cleared, it can be easily distinguished 
whether the error is caused by DIV or REM in the 
exception process. 

When division by zero is performed, the contents of 
dest are not changed. Defining whether the memory 
access of dest is performed (read or read-modify-write 
by the same value) or not causes the implementation to 
be restricted, so that it is not defined. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘i!’ 

When MM=‘11’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 

Zero division ex¢eption 

When src=0 
MNEMONIC: 

REMU src,dest 
OPERATION: 

dest % src= = >dest 

Remainder by unsigned division operation 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 117: shown in FIG. 101. 

STATUS FLAGS AFFECTED 118: shown in FIG. 
102. 

DESCRIPTION: 

Divide the contents of the destination operand (dest) 
by those of the source operand (src) and obtain the 
remainder. The division operation is performed by un- 
Signed numbers. (The contents of the operands are also 
treated as unsigned integers.) If the size of src differs 
from that of dest, the zero-extension is performed. 

Since the size of the dividend is the same as that of the 
remainder, it is usefull to high level languages. 

If src=0, a zero division exception (ZDE) occurs. 
When division by zero is performed, the same result as 
division by zero in REM occurs. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

- When RR=‘l!’ 

- When MM=‘1!’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 
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Zero division exception 
When src=0 
MNEMONIC: 
NEG dest 
OPERATION: 
O - dest = = >dest 
Complimentary operation 
OPTIONS: 
None 
INSTRUCTION FORMAT AND ASSEMBLER 

SYNTAX 119: shown in FIG. 103. 

STATUS FLAGS AFFECTED 120: shown in FIG. 

104. 

DESCRIPTION: 
Negate the sign of the operand. 

L_flag If the value of dest is negative after the in- 
struction is executed, namely, if the initial value of 
dest is positive, this flag is set. 

M_—flag If MSB of dest is | after the instruction is 
executed, namely, if the initial value of dest is positive 
or the minimum negative value, this flag is set. 

Z—flag ‘If the value of dest is 0 after the instruction is 
executed, namely, if the initial value of dest is 0, this 
flag is set. 

V_flag _If the initial value of dest is the minimum 
negative value (only MSB is | and other bits are all 0), 
this flag is set. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 
- When MM=‘11’ 
- When EaM is #imm_—data, @SP+ or @-SP 

MNEMONIC: 

INDEX indeasize,subscript,xreg 

OPERATION: 
calculate address of array 

OPTIONS: 

None 
INSTRUCTION FORMAT AND ASSEMBLER 

SYNTAX 121: shown in FIG. 108. 

STATUS FLAGS AFFECTED 122: shown in FIG. 


106. 

DESCRIPTION: 

Multiply by the scale and add the index for calculat- 
ing the address in order to convert a multiple dimen- 
sional array into a single dimensional array. 

If the size of the subscript is smaller than that of xreg, 
the subscript is sign-extended. xreg, indexsize, and sub- 
script are treated as signed integers. The multiplication 
and addition are performed with signed numbers. If an 
overflow is detected in the multiplication or addition 
operations, V_flag is set. 

Although indexsize is always immediate, to create an 
array descriptor in the memory, general purpose ad- 
dressing is used. 

If the INDEX instruction is executed after the CHK 
instruction, it is possible only to specify the register for 
the subscript. However, depending on the high level 
language specification, the range may not be checked 
(namely, the CHK instruction is not executed). There- 
fore, in order to use the variable in the memory as a 
subscript, it can also be addressed by the general pur- 
pose addressing. 


[Operation of INDEX] 


ureg * indexsize + subscript — xreg 
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In the INDEX instruction, all the operands xreg, 
indexsize, and subscript are treated as signed numbers 
rather than pointers. Even if they are negative, they are 
used directly rather than performing special operations 
such as EIT. In addition, the status flags (V_flag, L— 
flag, M—flag and Z_flag) are based on the general 
arithmetic operation instructions. The operands which 
are used in INDEX, are array indexes rather than point- 
ers. INDEX transforms the array index into a single 
dimension array. 

The index becomes the pointer after the scaling, such 
as (x4), is performed in the additional mode. Therefore, 
it is possible to consider INDEX as signed data. Testing 
for negative indexs can be done if a language cannot 
deal with a negative index. 

If !=0, the operation cannot be assured. 

In the data processor of the present invention, if !=0, 
the contents of the operand are fetched as !R (8 bits or 
16 bits) in the src size. It is sign-extended to 32 bits and 
the instruction is executed. 

However, xreg is always treated as 32 bits regardless 
of IR. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When —!=‘0’ 

When R=‘I’ 

When SS=‘11’ 

When EaR or EaR2 is @-SP 

12-4 Logical Instructions 
MNMONIC: 

AND src,dest 
OPERATION: 

dest .and. src= = >dest 

AND operation 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 123: shown in FIG. 107. 

STATUS FLAGS AFFECTED 124: shown in FIG. 
108. 

DESCRIPTION: 

AND the contents of the source operand (src) and 
those of the destination operand (dest). 

If the size of the source operand differs from that of 
the destination operand (AND:G RR=4MM. and 
AND:E MM;400), the instruction is executed directly 
and the reserved instruction exception does not occur. 
However, the result which is sent to dest cannot be 
assured (it depends on the harware implementation). 
The the data processor of the present invention specifi- 
cation does not define the logical operation between 
different size operands. Although the logical operation 
between different size operands does not have meaning, 
it is not treated as a reserved instruction exception. 
Otherwise, the implementation’s load is increased and 
the execution speed is lowered. 


M_flag 
Z_flag 


RO 
RO tod—1) =0 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='ll’ 

When MM =‘11’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 
MNEMONIC: 
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OR src,dest 
OPERATION: 

dest .or. src= = >dest 

OR operation 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 125: shown in FIG. 109. 

STATUS FLAGS AFFECTED 126: shown in FIG. 
110. 

DESCRIPTION: , 

OR the contents of the source operand (src) with 
those of the destination operand (dest). 

If the size of the source operand differs from that of 
the destination operand (OR:G RR=4MM and OR:E 
MM:-400), the instruction is executed directly and the 
reserved instruction exception does not occur. How- 
ever, the result which is sent to dest cannot be assured 
(it depends on the hardware implementation). 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘1l’ 

When MM='‘11’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 
MNEMONIC: 

XOR src,dest 
OPERATION: 

dest .xor, src= = >dest 

Exclusive or operation 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 127: shown in FIG. 111. 

STATUS FLAGS AFFECTED 128: shown in FIG. 


112. 

DESCRIPTION: 

Exclusive or the contents of the source operand (src) 
with those of the destination operand (dest). 


15 
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tw 
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If the size of the source operand differs from that of 40 


the destination operand (XOR:G RR-=4MM_ and 
XOR:E MM;400), the instruction is executed directly 
and the reserved instruction exception (RIE) does not 
occur. However, the result which is sent to dest cannot 
be assured (it depends on the hardware implementa- 
tion). 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘ll’ 

When MM=‘1!’ 

When EaR is @-SP 

When EaM is #imm_data, @SP+ or @-SP 
MNEMONIC: 

NOT dest 
OPERATION: 

dest= = >dest 

Logical not at all bits. 
OPTIONS: . 

None : 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 129: shown in FIG. 113. 

STATUS FLAGS AFFECTED 130: shown in FIG. 
114. 

DESCRIPTION: 

Complement | and 0 of each bit of the operand. 
M_flag If MSB of dest is 1 after the instruction is 

executed, namely, if MSB of the initial value of dest is 

0, this flag is set. 
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Z_flag ‘If the value of dest is 0 after the instruction is 
executed, namely, if the initial value of dest is 0, this 
flag is set. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When MM=‘11’ 

When EaM is #imm_data, @SP+ or @-SP 

12-5 Shift Instructions 
MNEMONIC: 

SHA count,dest 
OPERATION: 

Shift arithmetic 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 131: shown in FIG. 115. 

STATUS FLAGS AFFECTED 132: shown in FIG. 
116. 

DESCRIPTION: 

Arithmetically shift the contents of the destination 
operand (dest) for the number of bits specified by the 
source operand (count). In the general format instruc- 
tion, the shift direction is determined by the sign of 
count: if count is positive, a left shift takes place; if 
count is negative, a right shift takes place. 

The right shift operation in the arithmetic shift opera- 
tion causes MSB (sign bit) of the destination operand 
not to be changed and the same value to be copied to 
the bit to the right of the sign bit. The left shift opera- 
tion causes the contents of LSB to shifted into the bit to 
the left of the LSB and 0 to be placed in LSB. 

The specification of the shift direction by count may 
be effective for the emulation of floating point opera- 
tion. 

Although the left shift operation does not have a 
short format of SHA, if the status flags change which 
differs from SHA is permissible, SHL:Q which is a 
short format of SHL can alternatively be used. 

[left shift operation (count >0)]133: 

diagrammed in FIG. 117. 

[right shift operation (count <0)]134: 

diagrammed in FIG. 118. 

If count=0, X_flag=0. 

In the SHA instruction, only the lower 8 bits are used 
to determine the size of count. If RR-400, the operation 
cannot be assured. The reason the RR300 function 
cannot be used is due to the restriction of the implemen- 
tation. 

If RR=400, the data processor of the present inven- 
tion fetches the count operand in the size RR. Only the 
lower 8 bits of count are used to execute the instruction. 
Since SHA is an arithmetic instruction, it sets L_flag 
depending on the sign (MSB) of dest, so that the correct 
signs of the result can be obtained even if an overflow 
or underflow occurs. In a shift instruction, unless an 
overflow occurs, the sign of dest is not changed. In a 
right shift operation or if an overflow does not occur in 
a left shift operation, L_flag=M_flag. However, if an 
overflow occurs in a left shift operation, L_flag may 
not be the same as M__flag. 

Because the data processor of the present invention is 
a big-endian chip, the shift direction differs depending 
on whether count is considered as an increase/decrease 
of the bit position or as a power of 2. In other words, in 
the first case, if count >0, a right shift operation would 
take place. In the latter case it is like little-endian; if 
count >0, the left shift operation takes place. However, 
the shift operations are similar to arithmetic instructions 
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rather than bit operation instructions. Consequently, 
count should be considered as powers of 2 rather than 
as an increase/decrease of bit position. Thus, the specifi- 
cation of the data processor of the present invention 
defines that left shift operation takes place if count >0. 

In SHL and SHA, even if the absolute value of count 
exceeds (dest size+1), the shift operation is continued 
for the number of times specified. Consequently, the 
absolute value of count functions like (dest size+ 1). For 
example, the following operations take place. 





SHA #33, dest, W :dest = X_flag = 0 
SHL #33, dest,W : dest = X_flag = 0 
SHA #—33, dest,W  : dest = X_flag = MSB of a previos dest 
SHL #—33, dest,W :dest = X_flag = 0 


Except for X_flag, if the absolute value of count is the 
same as (dest size), the same result is obtained. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘l) 

When MM='‘l11’ 

When EaR is @-SP 

When EaM or ShM is #imm_—data, @SP+ or @-SP 
MNEMONIC: 

SHL count,dest 
OPERATION: 

shift logical 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 135: shown in FIG. 119. 

STATUS FLAGS AFFECTED 136: shown in FIG. 
120. 

DESCRIPTION: 

Logically shift the contents of the destination oper- 
and (dest) for the number of bits specified by the con- 
tents of the source operand (count). In the general for- 
mat, the shift direction is specified by the sign of count. 
If count is positive, a left shift takes place. If count is 
negative, a right shift takes place. 

The right shift operation causes the contents of MSB 
to shifted into the bit to the right of the MSB and 0 to 
be placed. The left shift operation causes the contents of 
LSB to shifted into the bit to the left of the LSB and 0 
to be placed in LSB. 

[A left shift operation (count >0) 137]: 
diagrammed in FIG. 121. 

{A right shift operation (count <0) 138): 
diagrammed in FIG. 122. 

If count=0, X_flag=0. 

In the SHL instruction, only the lower 8 bits are used 
as the shift count. If RR3400, the operation cannot be 
assured. The reason the RR=400 function cannot be 
used is due to the restrictions of the implementation. 

If RR=400, the data processor of the present inven- 
tion fetches the count operand in the size RR. Only the 
lower 8 bits of count are used to execute the instruction. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘1?’ 

When MM =‘11’ 

When EaR is @-SP 

When EaM or ShM is #imm—data, @SP+ or @-SP 
MNEMONIC: 

ROT count,dest 
OPERATION: 
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rotate 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 139: shown in FIG. 123. 

STATUS FLAGS AFFECTED 149: shown in FIG. 
124 

DESCRIPTION: 

Rotate the contents of the destination ena for the 
number of bits being specified by the operand count. 

The shift operation is performed by filling the bit 
from LSB (MSB) to MSB (LSB). 

The direction of the rotation is specified by the sign 
of count. If the count is positive, a left rotation takes 
place. If the count is negative, a right rotation takes 
place. 

When a rotation takes place, dest does not rotate 
through X_flag (although it does set it). 

[A left rotation (count >0) 141): 
diagrammed in FIG. 125. 

(A right rotation (count >0) 142}: 
diagrammed in FIG. 126. 

If count=0, X_flag =0. 

In the ROT instruction, only the lower 8 bits are used 
as the count. If RR=400, the operation cannot be as- 
sured. The reason the RR-=400 function cannot be used 
is due to restrictions of the implementation. 

If RR=<00, the data processor of the present inven- 
tion fetches the count operand in the size RR. Only the 
lower 8 bits of count are used to execute the instruction. 
Even if the absolute value of count in ROT exceeds 
‘dest size’, the rotation for the specified number is exe- 
cuted. Consequently, the result is the same as the re- 
mainder where count is divided by ‘dest size’ is treated 
as count. However, if the contents of count is an integer 
times ‘dest size’ (except for count=0), X_flag is set 
depending on MSB (in a right rotation) or LSB (in a left 
rotation) unlike the case of count=0. For example, in a 
left rotation, if the number of bits which are rotated are 
the same as the data size, the data is not changed and 
dest becomes the same value as when count=0. How- 
ever, since LSB of the former data is copied to the 
X__flag, the status flags change in the different manner 
than when count =0. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='11’ 

When MM='‘11’ 

When EaR is @-SP 

When EaM is #imm—data, @SP+ or @-SP 
MNEMONIC: 

SHXL dest 
OPERATION: 

logical shift left with extend 
OPTIONS: 

None 





A Address calculation 
Example: MOVA, PUSHA, MOVPA 

Operation for control space (control register) 
Example: LDC, STC 

Decimal operation (unsigned, no data check) 
Example: ADDDX, SUBDX 

Stack parameter discard process 
Example: EXITD 

I Operation performed by locking the bus 
Example: BSETI, BCLRI, CSI 

Multiple data process 
Exampie: LDM, STM 
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-continued 


Operation for physical space 
Example: LDP, STP 
Unsigned data opera 
Example: MOVU, ADDU, MULU, etc. 
Extended operation 
Example: ADDX, MULX, etc. 


INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 143: shown in FIG. 127. 

STATUS FLAG AFFECTED 144: shown in FIG. 
128. 

DESCRIPTION: 

Shift the contents of dest 145 to the left for one bit 
and place the contents of the former X_flag 146 in LSB 
147. The bit which is carried out from MSB is placed in 
X-_flag. This instruction is a primitive for a special 
instruction which shifts one bit of multiple words. 

The specification of this instruction differs a lot from 
those of SHA, SHL and ROT in that the size to be 
shifted is fixed at 32 bits and only one bit shift operation 
is available. 

Although DIVX is used when the dividend is a multi- 
ple length number, if the divider becomes a multiple 
length number, DIVX cannot be used. The division 
should be performed by continuing the shift operations 
and subtraction operations. At that time, a multiple 
length shift operation is required. This instruction 
serves such a purpose: of which diagram is shown in 
FIG. 129. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 


When + =‘0’ 
When —='l’ 
When X=‘I’ 


When EaMxX is #imm data, @SP+ or @-SP 
MNEMONIC: 

SHXR dest 
OPERATION: 

logical shift right with extend 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 148: shown in FIG. 130. 

STATUS FLAGS AFFECTED 149: shown in FIG. 
131. 

DESCRIPTION: 

Shift the contents of dest to the right for one bit and 
place the contents of the former X_flag in MSB. The 
bit which is carried out from LSB is placed in the X_ 
flag. This instruction is a primitive for a special instruc- 
tion which shifts one bit of multiple words. 

The specification of this instruction differs a lot from 
those of SHA, SHL and ROT in that the size to be 
shifted is fixed at 32 bits and only one bit shift operation 
is available. 

Although DIVX is used when the dividend is multi- 
ple length number, if the divider becomes a multiple 
length number, DIVX cannot be used. The division 
should be performed by continuing the shift operations 
and subtraction operations. At that time, a multiple 
length shift operation 150 is required. This instruction 
serves such a purpose: of which diagram is shown in 
FIG. 132. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When + =‘0’ 

When —=‘l’ 
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When X=‘!’ ; 

When EaMX is #imm—data, @SP+ or @-SP 
MNEMONIC: 

RVBY src,dest 
OPERATION: 

reverse byte order 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 151: shown in FIG. 133. 

STATUS FLAGS AFFECTED 152: shown in FIG. 
134. 
DESCRIPTION: 

Reverse the byte order of the contents of src and 
place them in dest. 

If the size of dest is larger than that of src, the size of 
src is zero-extended to that of dest and the reverse byte 
order is placed in dest. 

If the size of dest is smaller than that of src, the high 
order bytes of src are truncated, the size of src is 
matched to that of dest, and the reverse byte order is 
placed in dest. (Even if the address of src is moved and 
then the size of src is matched to that of dest, the same 
result is obtained.) 


Example: 
src = H'1234 
RVBY src,H,dest.H —+ dest = H'3412 
RVBY src.H,dest.W — dest = H'34120000 
RVBY src.H,dest.B — dest = H'34 (Not H’12) 


This instruction serves to eliminate the overhead of 
conversion from one endian format to another endian 
format. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘l1!’ 

When MM=‘II’ 

When EaR is @-SP 

When EaM is #imm—data, @SP+ or @-SP 
MNEMONIC: 

RVBI src,dest 
OPERATION: 

reverse bit order 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 153: shown in FIG. 135. 

STATUS FLAGS AFFECTED 154: shown in FIG. 


136. 

DESCRIPTION: 

Reverse the bit order of the contents of src and place 
them in dest. 

If the size of dest is larger than that of src, src is 
zero-extended to the size of dest and the reverse bit 
order is placed in dest. 

If the size of dest is smaller than that of src, the high 
order bytes of src are truncated, the size of src is 
matched to that of dest, and the reverse bit order is 
placed in dest. (Even if the address of src is moved and 
then the size of src is matched to that of dest, the same 
result is obtained.) 

This instruction serves to eliminate the overhead of 
conversion from one endian format to another endian 
format. 

The bit reverse instruction RVBI, which reverses the 
bit order, is also necessary for the bit map process. 
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However, since it is less frequently used than the byte 
reverse instruction and additional hardware may be 
required, the RVBI instruction is defined in 
<<L2>>. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='‘11’ 

When MM=‘11’ 

When EaR is @-SP 

When EaW is #imm_data, @SP+ or @-SP 

12-6 Bit Manipulation Instructions 

The bit manipulation instructions that the data pro- 
cessor of the present invention provides specify the bit 
to be operated on by using the two parameters shown in 
the following example. 

base(base address) 

offset(bit address) 

In addition, when operating on a bit of a register, the 
base size affects the specification of the bit to be oper- 
ated. 

[When operating on a bit of a memory 155}: 
diagrammed in FIG. 137. 

The general bit manipulation instructions that the 
data processor of the present invention provides do not 
restrict the value of offset, so it can exceed the byte 
boundary. Offset is treated as signed integer. 

The bit manipulation instructions are designed so that 
they can specify the range for accessing the memory 
using the BB field. In other words, the memory address 
range can be specified for read operations by BTST and 
for read-modify-write operation by BSET, BCLR and 
BNOT. The memory address range which is accessed 
should take into account the I/O and the use of multiple 
processors. 

Since accessing every byte (‘.B’) covers all cases, 
accessing every halfword and word are defined in 
<<L2>> (except for the bit manipulation instruction 
for registers). Since accessing every half word and 
word is available only when the half word and word 
should be aligned, to use the accessing function, an 
address which is aligned should be specified as required 
so that the implementation of the access range is simpli- 
fied. To access the memory that contains the related bit 
every half word being aligned, it is necessary to specify 
a multiple of 2 as base. To access the memory which 
contains the related bit every word which is being 
aligned, it is necessary to specify a multiple of 4 as the 
base. The value of the offset is not restricted. When the 
access range of an address which is not aligned is speci- 
fied should depend on the implementation. 

The data processor of the present invention imple- 
ments accessing of the memory every half word and 
accessing of the memory every word in <<L2>>. If 
an address which is not aligned as base is specified, the 
access range is accessed every half word and every 
word being aligned. 

Example 





BSET.B #H'84,@H'100 





Since offset % 8=4; base+offset/8=H'110, bit 4 of 
H’110 is set. 





BSET.B #H°7C,@H'101 
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Since the access size is every byte when offset % 8=4; 
base + offset/8=H'110, the same operation as BSET.B 
#H’84,@H'100 is performed. 


BSET.W #H'84,@H'100 


Since offset % 8=4; base+offset/8=H’'110, bit 4 of 
H'110 is set. 

Since base is a multiple of 4, the read-modify-write 
operation for 32 bits (H’110 to H’113) which are aligned 
is performed to set the related bit. 


BSET.W. #1H°7C,@H'101 


Since offset % 8=4; base+offset/8 = H’'110, likewise 
bit 4 of H'110 is set. However, since base is not a multi- 
ple of 4, the access range for the read-modify-write 
operation depends on the implementation. 

The size represented by BB is “in what range the 
read-modify-write operation is performed” rather than 
representing the offset range (for example, if ‘.B’, the 
offset is less than 8, and so forth). 

In the bit manipulation instructions for registers, since 
the bit position of offset=0 (MSB) varies depending on 
the access size (base size), the base size is important. If 
base is register direct Rn, the base sizes ‘.H’ and ‘.W’ are 
defined in <<LI>>. 

In the bit manipulation instructions where the register 
Rn is treated as the base, only the low order 3 bits with 
“B’, only the low order 4 bits with ‘.H’, only the low 
order 5 bits with ‘.W’, and only the low order 6 bits with 
‘.L’ are enabled and the high order bits are ignored. 
Even if the high order bits are not 0, an error or EIT 
does not occur. Although it is recommended that the 
offset range be checked like the width of the BF instruc- 
tion, since the instruction execution time increases due 
to the check time, modulo is obtained by the bit size for 
offset. 

When 8-bit data, 16-bit data or 32-bit data is held in a 
register, even if a bit has the same bit position in some 
data, it actually represents a different value. To prevent 
the specification from getting complicated, the default 
of the assembler for the memory and registers should be 
‘.B’ 156. The short format should be the specification of 
‘.B’. Thus, the range of the register which can be ac- 
cessed in the short format should be the bits from 2 Oto 
2 7. (See FIG. 138) 

Example 

In BSET:Q #1,R0, since the default of BSET is ‘.B’, 
bit 1 of RO.B is set. 

This bit differs from the bit 1 of RO.W and corre- 
sponds to bit 25 of RO.W. 

For example, when describing the following instruc- 
tion to access the bit of 2. 17, 











BTST #17,R0 
actually, it is interpreted as 
BTST.B #17,R0 





and offset ignores the high order bits, so bit 2 
accessed. 


1 is 
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To prevent that, it is necessary to describe the follow- 
ing instruction. 


BTST.W #17,R0 


In such a case, it is recommended the assembler gen- 
erate an alarm. 
MNEMONIC: 

BTST offset,base 
OPERATION: 

bit-> Z_flag 

Test a bit. 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 157: shown in FIG. 139. 

STATUS FLAGS AFFECTED 158: shown in FIG. 
140. 

DESCRIPTION: 

Complement the bit value being specified and copy 
the result to Z_flag. 

In the addressing mode specified by EaRf or ShRfq, 
the immediate modes #imm_—data, @-SP and @SP+ 
cannot be used. When using the Rn mode, the. values of 
high order offset bits are ignored. 

In the assembler syntax, the memory access size is the 
same as base size. With BTST:Q, the memory access 
size is fixed at 8 bits. For specifying the size, it is only 
possible to describe *.B’. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When BB=‘11’ 

When EaR is @-SP 

When EaRf or ShRfq is #imm—data, @SP+ or 

@-SP 
MNEMONIC: 

BSET offset,base 
OPERATION: 

bit-> Z_flag, 1->bit 

Set a bit. 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 159: shown in FIG. 141. 

STATUS FLAG AFFECTED 160: shown in FIG. 
142. 

DESCRIPTION: 

Complement the bit value being specified, copy the 
result to Z_flag, and then set the bittol. 

In the addressing mode specified by EaMf or ShMfg, 
the immediate modes #imm_—data, @-SP and @SP+ 
cannot be used. When using the Rn mode, the values of 
high order offset bits are ignored. 

In the assembler syntax, the memory access size is the 
same as the base size. With BSET:Q, the memory access 
size is fixed at 8 bits. For specifying the size, it is possi- 
ble only to describe ‘.B’. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘!!’ 

When BB=‘1!’ 

When EaR is @-SP 

When EaMf or ShMfg is #imm—data, @SP+ or 

@-SP 
MNEMONIC: 
BCLR offset,base 
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OPERATION: 
bit-> Z_flag, 0-> bit 
Clear a bit. 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 161: shown in FIG. 143. 

STATUS FLAG AFFECTED 162: shown in FIG. 
144, 

DESCRIPTION: 

Complement the bit value being specified, copy the 
result to Z_flag, and then clear the bit to 0. 

In the addressing mode specified by EaMf or ShMfa, 
the immediate modes #imm_—data, @-SP and @SP+ 
cannot be used. When using the Rn mode, the values of 
high order offset bits are ignored. 

In the assembler syntax, the memory access size is 
specified as the base size. With BCLR:Q, the memory 
access size is fixed at 8 bits. For specifying the size, it is 
possible only to describe ‘.B’. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='‘11’ 

‘When BB=‘1]’ 

When EaR is @-SP 

When EaMf or ShMfq is #imm—data, @SP+ or 
@-SP ‘ 

MNEMONIC: 

BNOT offset,base 
OPERATION: 

bit-> Z_flag, bit-> bit 

Compliment a bit. 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 163: shown in FIG. 145. 

STATUS FLAGS AFFECTED 164: shown in FIG. 
146. 

DESCRIPTION: 

Complement the bit value being specified, copy the 
result to Z_flag, and then complement the bit. 

In the addressing mode specified by EaMf, the imme- 
diate modes #imm_data, @-SP and @SP+ cannot be 
used. When using the Rn mode, the values of high order 
offset bits are ignored. 

In the assembler syntax, the memory access size is 
specified to be the same as the base size. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When BB=‘I!’ 

When EaR is @-SP 

When EaMf is #imm_data, @SP+ or @-SP 
MNEMONIC: 

BSCH data,offset 
OPERATION: 

find first ‘0’ or ‘1’ in the bitfield (within a word) 

Search 0 or 1 (in one word). 

OPTIONS: 

/O Search ‘0’. (default) 

/1 Search ‘1’, 

/F Search 0 or 1 to the direction where the bit num- 

ber increases. (default) 

/B Search 0 or 1 to the direction where the bit num- 
ber decreases. <<L2>> (the data processor of 
the present invention supports this option.) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 165: shown in FIG. 147. 
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STATUS FLAGS AFFECTED 166: shown in FIG. 
148. 

DESCRIPTION: 

Search for the first bit which is ‘0’ or ‘1’ in a word. 

When this instruction is executed, after the bit num- 
ber (bit offset) to be searched is set to the offset operand, 
the bit number after the search operation is set to the 
offset operand. offset is used for the read-modify-write 
operation because it is assumed the bit search operation 
may be used repetitively. 

The bit position to be searched is restricted to the 
range from 0 to (data size) of the data operand. It does 
not exceed the word boundary. 

Although any size can be specified for offset, the high 
order bits of the initial value of offset are ignored in the 
search operation. The “high order bits” represent the 
bits higher than log 2 (the number of bits of data). When 
data is 32 bits, the high order bits are in the range from 
2 Sto2 31. 

In the standard specification <<LO> >, the search 
operation is performed in the direction of the high order 
bits, namely, in the big-endian the data processor of the 
present invention, the search operation is performed 
toward the LSB direction. This operation is conducted 
by the /F option. The search operation in the reverse 
direction, namely /B option is defined in the 
<<L2>> specification because the search operation 
in the normal direction (LSB) differs from the reverse 
direction (MSB) in hardware. 8 bits and 16 bits 
(RR=00,01 of the data size to be searched are defined 
in <<L2>>. 

The data processor of the present invention supports 
both the /B option and the data size (RR=00,01) of 8 
bits and 16 bits in the <<L2> > specification. 

Although BSCH is classified in the same group as bit 
manipulation instructions, it provides much different 
properties than them. If offset can be freely set in the 
BSCH instruction like other bit operation instructions, 
the BSCH instruction may be more easily used. To do 
that, the BVSCH instruction is provided. Thus, BSCH 
is defined as a much lower grade specification and the 
range of offset is restricted. The effective range of offset 
is the same as that where the register direct mode Rn is 
specified by another bit operation instruction. How- 
ever, take care that the offset and base of other bit ma- 
nipulation instructions are read-only and read-modify- 
write, respectively, while offset and data (base address) 
of BSCH are read-modify-write and read-only, respec- 
tively. 

If the specified bit is not found with BSCH/F, offset 
of the bit following the last bit (word boundary) is set 
and V_flag=1 takes place. If the search operation is 
unsuccessfully terminated, an EIT does not occur. The 
number of bits being searched is added to offset. 


EXAMPLES 


When BSCH/0/F @mem!1.W,RO is executed with 
@mem1 = H'00000000, RO=0, and _ big-endian, 
= = >RO=0 remains unchanged and V_flag is set to 0. 

When BSCH/0/F @mem1.W,RO is executed with 
@mem 1 = Hf fit, RO=0, and _big-endian, 
= = >RO=16 takes place and V_flag is set to 0. 

When BSCH/0/F @mem1.W,RO is executed with 
@mem | = H'frTffi, RO=0, and big-endian, 
= = > RO=32 takes place and V_flag is set to 1. 

If the specified bit is not bound with BSCH/B, the 
offset is set to (—1). In this case, V_flag is also set; 
however, an EIT does not occur. 
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In the BSCH instruction, the high order bits of the 
initial value of offset are ignored, while the high order 
bits of the offset value (result of the search operation), 
which is set after the instruction is terminated, are 
meaningful. In other words, after the BSCH instruction 
is executed, the high order bits of offset are also rewrit- 
ten regardless of what was originally in it. If the search 
operation is successfully terminated, the contents of the 
offset range from 0 to 31 (when data is 32 bits), for any 
case of /F and /B, the high order bits are always 0. In 
addition, the search operation is unsuccessfully termi- 
nated with /F, the contents of offset become 32. Conse- 
quently, the high order bits and low order bits become 
00....001 and 00000, respectively. If the search opera- 
tion is unsuccessfully terminated with /B, the contents 
of offset become (— 1), so that the high order bits and 
the low order bits become 11... . 111 and 11111, re- 
spectively. 


EXAMPLES 


When BSCH/0/F @mem1.W,RO.W is executed with 
@mem 1! = H’00000000 and RO=H’‘00000020, 
= = >RO=H’'00000000 takes place. (RO4H'00000020) 

When BSCH/0/F @mem1.W,RO.W is executed with 
@mem! =H’ fifty and RO=H’‘00000020, 
= = > RO=H’00000010 takes place. (RO=4H'‘00000030) 

When BSCH/0/F @mem1.W,RO.W is executed with 
@mem! =H’ fff and RO=H'12345678, = = > Since 
the search operation is unsuccessfully terminated, 
RO=H’‘00000020 and V_flag=1 take place. 

When BSCH/0/F @mem!.W,RO.W is executed with 
@mem1 =H’ ffffffff and RO=H'00000020, = = > Since 
the search operation is unsuccessfully terminated, V— 
flag is set to 1 and RO=H’'00000020 remains unchanged. 
(ROH'00000040 (carry-out)) 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘ll’ 

When MM='ll’ 

When EaR is @-SP 

When EaM is #imm_—data, @SP+ or @-SP 

12-7 Fixed Length Bit Field Manipulation Instruc- 
tions 

The bit field is specified by the MSB position and bit 
field width. The MSB position of the bit field is repre- 
sented by a combination of base and offset. The memo- 
ry’s MSB (bit 0) represented by base is offset=0. The 
function of offset is the same as that of bit manipulation 
instructions. The relationship among the bit field, base, 
offset and width is as follows. 

[When the bit field manipulation is performed in the 

memory 167]: diagrammed in FIG. 149. 

The fixed length bit field manipulation instructions 
(BFEXT, BFEXTU, BFCMP, BFCMPU, BFINS, 
BFINSVU) are especially effective for the AI oriented 
tag processing (comparison and separation of tags). 

The fixed length bit field instructions have the fol- 
lowing two formats. 

offset is specified by the 8-bit general addressing 
mode, while width is specified by a register. This format 
is termed the ‘G:’ format. In the ‘:G’ format, the mem- 
ory address to be actually accessed is determined by 
adding, the value where the content of offset is divided 
by 8, to the base. This method allows a bit field consist- 
ing of 26 bits and ranging over 5 bytes. 

offset is specified by an 8-bit immediate value, while 
width is specified by a literal. This format is termed the 
‘SE’ format. In the ‘:E’ format, only a bit field which 
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does not exceed the word boundary is processed in 
order to increase the process speed. A result which is 
larger than one word of base is not assured. Even if 
width + offset 2 size, an EIT does not occur. However, 
the value being read and written becomes uncertain. 
Since the instruction specification can be obtained by 
accessing one word of base, it is possible to determine 
the memory address of the bit field to be operated by 
referencing only the base. Thus, depending on the im- 
plementation, the instruction can be executed at a high 


The addressing mode which is available from the base 
of BF:E is exactly the same as that of BF:G. 

BFINS, BFINSU, BFCMP and BFCMPU have the 
following two formats for both :G and :E formats. 
Specify the src operand by a register. :R format 
Specify the src operand by an immediate. :I format 

The value of the width is restricted in the range from 
1 to 32 (from 1 to 64 in <<LX>>), so that before 
executing the instruction, the value of the width is 
checked to determine whether it is in the range of 0<- 
width =32 (64). If width=0, an error occurs. If the 
value is out of the range, an invalid operand exception 
(OE) occurs. The contents of both offset and width for 
all instructions, are treated as signed numbers. How- 
ever, since the value available for width is in the range 
from 1 to 32 (64), whether it is signed or unsigned does 
not affect the actual operation, but a problem in the 
specification occurs. Offset of the instruction in the :E 
format is treated as a signed number. Offset represents a 
value in the range from — 128 to +127. (However, as 
described later, the bit field which is larger than one 
word base to base +3 of the base address is not assured 
in the :E format.) 

The operand which is not the bit field of the BF 
instruction is treated as a normal integer. For BFEXT, 
the bit field being obtained is set to the LSB side of the 
register and the sign extension is performed to words 
the MSB rather than setting the bit field in accordance 
with the bit position =0 (MSB). 

If a register is treated as a base, the bit field is re- 
stricted in one register range. The data processor of the 
present invention supports fixed length bit field instruc- 
tions which use registers in the <<L2>> specifica- 
tion because at present the bit field operations which 
treat these registers can be executed at a much higher 
speed by a combination of the shift instruction and the 
AND instruction rather than by the BF:E instruction. 
In the bit field instructions which use registers 
(<<L2>>), :G like :E can not assure the result of an 
operation of the bit field which is larger than one word 
(register). In BFEXT and BFEXTU, a meaningless 
value is obtained, while in BFINS and BFINSU, it is 
ignored. If offset + width 2 size, an EIT does not occur. 

In the :E format, the result of the operation that has a 
bit offset which exceeds the size is not assured. The 
result of the operation which has negative bit offset is 
also not assured. The operation which contains the base 
address in one word is correctly executed. - 


[EXAMPLE] 
address N-1 N N+1 
data B’abcdefgh Bijkimnop B'qrstuvwx 
{ato x: 0 or 1), 
BFEXT:E.W #3,#9,@N,RO0 — RO = B'lmnoparst 
BFEXT:E.W #—5,#5,@N,RO — RO = B’????7ijkl 


(? is an unstable value.) 
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The width, src and dest registers are commonly speci- 
fied by the X field. The size specification field X serves 
to switch between 32-bit operation and 64-bit operation 
(<<LX> >). It functions as follows: 
(1) Specify the src (dest) register size (in :R format). 
(2) Specify the width register size (in :G format). 
(3) Specify the width range. 
When X=0, 0< width S32 
When X= 1, 0<width=64 

In the -E:] format, (1) and (2) above do not function. 
To distinguish (3), the field is used. In other words, the 
X field serves to enhance the compatibility of 32-bit 
operation and 64-bit operation. 

If SS=400 in the :I format instruction, the #iS8 field is 
not used. Even if the #iS8 field is not 0, it is ignored. It 
is important that the user note that the field of #iS8 
should be filled with zeroes. 

The formats and the sizes used for the bit field in- 
structions 168 are shown in FIG. 150. 

In the bit field instructions, like the bit operation 
instructions, the memory range to be accessed should be 
considered. However, it depends on the implementa- 
tion, so that a strict definition is not required. 
MEMONIC: 

BEFEXT offset, width, base, dest 
OPERATION: 

extract bit field (signed) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 169: shown in FIG. 151. 

STATUS FLAGS AFFECTED 170: shown in FIG. 
152. 

DESCRIPTION: 

Extract the bit field and transfer the result to the 
destination. 

If the size of the destination is larger than the width of 
the bit field, the data is sign-extended. The offset of 
BFEXT:G is also sign-extended. 

In the EaRbf addressing mode, the @-SP, @SP+ 
and #imm_adata modes cannot be used. Although the 
register direct mode Rn of base is specified in 
<<L2> >, the data processor of the present invention 
supports it. 


Operation 
Assume that the initial value of dest is 


[P0.D1 .. . . Dd-2.Dd-1) d= 32,64 
the value which is set to dest is 


{RO.R1.... Rd-2.Rd-!) d=32,64 


offset =o, width = w 

offset and width are treated as signed numbers. (If 
width=0 or width>d, an invalid operand exception 
(IOE) occurs.) The extracted bit field and the flag 
change occur as follows: 


(if d2w) 
bit 0 of base 


| 
[...BOBI.... Bo—2.Bo—!.Bo.Bo+ 1... Bo+w—2.Bo+w— 
1,.Bo+w.Bo+w+l...] 
* ‘This portion is sign-extended and is set to dest. 
[ Bo. Bo+1....Bo+w—2.Bo+w-—1)— 
Gesiewaeats .... Bo+w—2.Bo4+w-1) > 


Sign-extended for d—w bits 
(RO.R1... Rd—w—1.Rd—w.Rd—w+l 


Rd-2. Rd—-1] 
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-continued 


(Set to dest) 

(if d<w) 

It does not occur in the data processor32 of the present invention. 
bit 0 of base 


{ 

{... BOB! Bo—1.Bo.Bo41.... Bo+ w—d—1 Boy w— 
d.... Bo+w—2.Bo+w-1.Bo+w...] 

This portion is truncated. This portion is set to dest. 
[Bo.Bo+1....Bo+w—d—1l.Bo+w-—d.... Bo+w-z2. 

Bo+w-—1) > 
(Bo+w-—d.... Bo+w—2.Bo4w-1} > 
This portion is truncated. 
[ 


Rd—2. Rd—1] (Set to dest) 

RO 

df d= w) Bo 

df d<w) Bo+w-—d 

[RO tod—1]) = 0 

(If d= w) [Bo to 0+w-1] = 0 

(if d<w) [Bo+w—d too+w—1] = 0 

S[Bo to 0+ w—-1) < -—2 (d—1).0r. 

S[Bo to 0+ w-—1] 2 +2 (d—1) 

df d2w)o 

(if d<w) Cleared when 

Bo=Bo+1=... =Bo+w—d—!l=Bo+w-—d. 
Otherwise, it is set. ‘ 


In the data processor 32 of the present invention, it is 
always cleared. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 


When RR='!1’ 
When +=‘I1l’ 
When X='1!’ 


When EaR is @-SP 

When EaRbf is #imm—data, @SP+ or @-SP 

Invalid operand exception 

When width=0 or width > 32 
MNEMONIC: 

BFEXTU offset, width,base,dest 
OPERATION: 

extract bit field (unsigned) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 171: shown in FIG. 153. 

STATUS FLAGS AFFECTED 172: shown in FIG. 
154. 

DESCRIPTION: 

Extract the bit field and transfer the result to the 
destination. 

If the size of the destination is larger than the width of 
the bit field, the data is zero-extended. However, offset 
of BFEXTU:G is also sign-extended. 

In the EaRbf addressing mode, the modes of @-SP, 
@SP-+ and #imm_—data cannot be used. Although the 
register direct mode Rn of base is specified in 
<<L2> >, the data processor of the present invention 
supports it. 

Operation 

Assuming that the initial value of dest is 


[D0.D1 .. . Dd-2.Dd-1] d=32,64 
the value which is set to dest is 

fRO.R1.. . Rd-2.Rd-1] d=32,64 
offset =0, width=w 


offset and width are treated as signed numbers. (If 
width £0 or width>d, an invalid operation exception 
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(IOE) occurs.) The extracted bit field and flag change 
occur as follows: 





(if d2 w) 
bit 0 of base 
| 
[...BO.B1.... Bo--2.Bo—1.Bo.Bo+1.... Bo+w—2Bo+w— 
LBo+w.Bo+w+1...] 
This portion is sign-extended and set to dest. 
{ Bo. Bo+!....Bo+w-2. 
Bo+w—1] > 
[00........ 0. Bo. Bo+1....Bo+w—2. 
Bo+w—1] — 
Sign-extended for d—w bits 
[RORI... Rd—w—1.Rd—w.Rd—w+i...... Rd—2. Rd—1] 
(Set to dest) 
af d<w) 


It does not occur in the data processor32 of the present invention. 
bit 0 of base 


t 
(...BOBl..... Bo—1,Bo.Bo+1.... Bo+w—d—1Bo+w— 
d.... Bo+w—2.Bo+w—IBo+w...] 
This portion is truncated. This portion is set to dest. 
[Bo.Bo+1.... Bo+w—d—1.Bo+w—d....Bo+w—2.Bo+ 
w-Ijo 


[Bo+w—d.... Bo+w—2.Bo+w—1)— 
This portion is truncated. 
{ RO......Rd—-2. Rd-1] 
(Set to dest) 
M_flag RO 
Qf d>w)0 
df d=w) Bo 
df d<w) Bo+w—d 
[RO to d—1] = 0 
(if d2w) [Bo to o+ w—1] = 0 
Af d<w) [Bo+w—d too+w—1] = 0 
U[Bo too4+w—1]) 2 +2 d 
(if dzw)90 
Of d<w) Cleared when 
Bo=Bo+1=... =Bo+w—d—1=0. 
It is always cleared in the data processor of the 
present invention32. 


Z_flag 


V_flag* 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘i1’ 

When + =‘0’ 

When X=‘1’ 

When EaR is @-SP 

When EaROf is #imm_—data, @SP+ or @-SP 

Invalid operand exception 

When width=0 or width > 32 
MNEMONIC: 

BFINS src,offset, width, base 
OPERATION: 

insert bit field (signed) 

OPTIONS: 
None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 173: shown in FIG. 155. 

STATUS FLAGS AFFECTED 174: shown in FIG. 
156. 

DESCRIPTION: 

Insert the contents of the source into the bit field. 

If the size of the bit field width is larger than that of 
the source, the data is sign-extended. The offset of 
BFINS:G is also sign-extended. 

In the EaRbf addressing mode, the modes of @-SP, 
@SP-+ and #imm_—data cannot be used. Although the 
register direct mode Rn of base is specified in 
<<L2> >, the data processor of the present invention 
supports it. 

Operation 
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Assume that the initial value of src is 


{S0.S1... Ss—2.Ss—1] s=8,16,32,64(:1) 
s= 32,64 (:R) 


offset=o, and width=w 

offset and width are treated as signed numbers. (If 
width =0 or width>d, an invalid operation exception 
(IOE) occurs.) The bit field to be inserted and the flag 
change occur as follows: 





dif w2s) 
Bit field change 
bit 0 of base 
{ 
{...BO.B1.... Bo—1.Bo.Bo+1.... Bo+w—s—1.Bo+w— 
s.Bo+w—s+!....Bo+w—1.Bo+tw...J— 
[... BO.BI....Bo~1.80. SO.......... 80. SO SI...... 
Ss—1.Bo+w ] 
src is sign-extended for w—s bits. 
(If w<s) 
Bit field change 
bit 0 of base 
{ 
{...BO.BI....Bo—2.Bo-—). Bo. Bo+1..., Bo+w— 
1.Botw...J— 
[..- BOB1.... Bo~2.Bo—1.Ss—w.Ss—w+1...... Ss— 
1.Bo+w...] 
[S0.S1.... Ss—w—1] of sre is truncated. 
M_fiag Based on the change of MSB (Bo) in the related 
bit field 
(If w2s) SO 
Gf w<s) Ss—w 
Z_flag Based on the change of [Bo to o+w-—]] in the 
related bit field 
(If w2s) [SO to s—1!] = src = 0 
(if w<s) [Ss—w tos~1] = 0 
V_flag* S(SO to s—1] = sre < —2 (w—1).or. 
S{SO to S—1] = src 2 +2 (w--l) 
(if w2s) 0 
(if w<s) Cleared if SO=S!1=... =Ss—w— 
1=Ss—w. 


Otherwise, it is set. 


PROGRAM EXCEPTION: 
Reserved instruction exceptions 


When RR=‘11’ 
When +=‘I’ 
When X=‘l’ 


When SS=‘Iil’ 

When EaR is @-SP 

When EaMbf is #imm_—data, @SP+ or @-SP 

Invalid operand exception 

When width=0 or width > 32 
MNEMONIC: 

BFINSU src,offset, width, base 
OPERATION: 

insert bit field (unsigned) 

OPTIONS: 
None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 175: shown in FIG. 157. 

STATUS FLAGS AFFECTED 176: shown in FIG. 
158. 
DESCRIPTION: 

Insert the contents of the source into the bit field. 

If the width of the bit field is larger than that of the 
source, the data is zero-extended. The offset of BFIN- 
SU:G is also sign-extended. 

In the EaRbf addressing mode, the modes of @-SP, 
@SP+ and #imm_—data mades cannot be used. Al- 
though the register direct mode Rn of the base is speci- 
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fied in <<L2>>, the data processor of the present 
invention supports it. 


Operation 


Assume that the initial value of src is 


[SO.S1...Ss—2Ss—1]  s=8,16,32,64(:1) 


$= 32,64-R) 


offset =o, width=w 

offset and width are treated as signed numbers. (if 
width=0 or width>d, an invalid operation exception 
(IOE) occurs.) 

The bit field to be inserted and the flag change are as 
follows: 





(if w2s) 
Bit field change 
bit 0 of base 

4 
[..-BO.B1.... Bo—1.Bo.Bo+1.... Bo+w-—s-1. 
Bo+w-—s.Bo+w—s+1....Bo+w—IBo+w...]— 
[... BO.BI ...,Bo-1 00... 0.50. S1 Saletan gs 


Ss—1.Bo+w...j ‘ 
src is sign-extended for w—s bits. 
(if w<s) 

Bit field change 

bit 0 of base 


4 
[...BO.B1....Bo—2.Bo—1. Bo. Bo+1.... Bo+w—l. 
Bo+w...] 
[...BO.BI.... Bo—2.Bo—1.Ss—w.Ss—w+ 1 
Bo+w...] 


= 


.... Ss—w— I] of src is truncated. 


M_flag Based on the change of MSB (Bo) in the related bit 
field. 

df w>s) 0 

Gfw=s) SO 

dfw<s) Ss—w 
Z_flag _—_ Based on the change of [Bo to 0+ w~1) in the related 
bit field. 

(fw2s) (SOtos—1} = src = 0 

dfw<s) [Ss—wtos—t}] =0 
V_flag* U[SOtos—1] = src 2 +2 w 


(ifw2s) 0 
(fw<s) Cleared ifSO=S1=... 
Otherwise, it is set. 


=Ss—w—t=0. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11° 

When +=‘0’ 

When X=‘l’ 

When SS=‘11’ 

When EaR is @-SP 

When EaMDF is #imm_data, @SP+ or @-SP 

Invalid operand exception 

When width =0 or width> 32 
MNEMONIC: 

BFCMP src, offset, width, base 
OPERATION: 

compare bit field (signed) 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 177: shown in FIG. 159. 

STATUS FLAGS AFFECTED 1738: shown in FIG. 
160. 

DESCRIPTION: 

Compare the contents of the source with that of the 
dit field. 
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If the width of the bit field differs from that of the 
source, the smaller size data is sign-extended and then 
both the values are compared. The offset of BFINS:G is 
also sign-extended. 

In the EaRbf addressing mode, the @-SP, @SP+ 
and #imm_—data modes cannot be used. Although the 
register direct mode Rn of base is specified in 
<<L2> >, the data processor of the present invention 
supports it. 

Operation 


Assume that the initial value of src is 


[S0.S1....Ss—2.Ss—1] s=8,16,32,64(:1) 
= 32,64:R) 


offset =o, and width=w, 

offset and width are treated as signed numbers. (If 
width <0 or width>d, an invalid operation exception 
(IOE) occurs.) 

The bit field to be compared and the flag change 
occur as follows: 


aad 
(df s2w) 
bit 0 of base 


| 
[..- BO.B1.... Bo—2.Bo—1,Bo.Bo+1.... Bo+w—2. 
Boi w—1Bo+w.Bo+w.Bot+w+l...] 
This portion is sign-extended and compared with 


src. 
(If s<w) 
bit 0 of base 
4 
[... BOBI..... Bo—1.Bo.Bo+1.... Bo+w—s—1. 


Bo+w-—s.... Bo+w-2Bo+w-— 1Bo+w...] 
src is sign-extended and 
compared with this portion. 

L_flag S[Bo to o+w-—1] — S[SO0tos—i} <0 

Sei depending on the comparison result. 

Z_flag S[Bo too+w—1]} — S[SOtos—1) = 0 

Set depending on the comparison result. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘1I’ 

When + =‘0" 

When — =)’ 

When SS=‘11’ 

When EaR is @-SP 

When EaRbf is #imm_—data, @SP+ or @-SP 

Invalid operand exception 

When width $0 or width > 32 
MNEMONIC: 

BFCMPU src, offset, width,base 
OPERATION: 

compare bit field (unsigned) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 179: shown in FIG. 161. 

STATUS FLAG AFFECTED 180: shown in FIG. 
162. 

DESCRIPTION: 

Compare the contents of the source with that of the 
dit field. 

If the width of the bit field differs from that of the 
source, the smaller size data is zero-extended and then 
both the values are compared. The offset of 
BFCMPU:G is also sign-extended. 
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In the EaRbf addressing mode, the @-SP, @SP+ 
and #imm_—data modes cannot be used. Although the 
register direct mode Rn of the base is specified in 
<<L2> >, the data processor of the present invention 
supports it. 
Operation 


Assume that the initial value of src is 


[SO.S1...Ss—2.Ss—1]  s==8,16,32,64(:1) 


8=32,64-R) 


offset =o, width =2, 

offset and width are treated as signed numbers. (If 
width0 or width>d, an invalid operation exception 
{(IOE) occurs.) 

The bit field to be compared and the flag change 
occur as follows: 





(if szw) 


bit 0 of base 

4 
[..-BO.B].... Bo—2.Bo—1.Bo.Bo+1]..... Bo+ w—2.Bo4+w— 
1.Bo+w.Bo+w+1...] 

This portion is zero-extended and compared with 

src. 
(lf s<w) 
bit 0 of base 

t 
[...BOBL..... Bo—1.Bo.Bo+1.... Bo+w—s—L 


Bot+w-—s..., Bo+w-—2Bo+w—1. Bo+w...] 
src is zero-extended and 
compared with this portion. 

L_flag Uf[Bo to o+ w—1] — U[S0 to s—1] < 0 

Set depending on the comparison result. 

Z_flag U[Bo to 0+ w—1] — U[SO to s—1] = 0 

Set depending on the comparison result. 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘I1I’ 

When + =‘0’ 

When —=‘I’ 

When SS=‘11’ 

When EaR is @-SP 

When EaRbf is #imm—data, @SP+ or @-SP 

Invalid operand exception 

When width=0 or width > 32 

12-8 Variable Length Bit Field Manipulation Instruc- 
tion 

The variable length bit field manipulation instructions 
consist of the following instructions. 





General operation and transfer BMVAP 
Transfer BVCPY 
Operation and transfer of repetitive patterns BYVPAT 
Search for 0 or 1 BVSCH 


BVMAP, BVPAT and BVCPY are instructions which 
mainly serve for window operations (bitblt) on the bit 
map display. 

The terms of the bit map display attributes are de- 
fined as follows: (color scale, color offset, and bit-dot 
polarity) 

color scale: 

Specifies how many continuous bits one dot repre- 
sent. 

Examples: 

color scale=1 
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1 dot is represented by 1 bit. Continuous 8 dots are 
represented by 1 byte. Monochrome bit map display or 
bit map display where each bit forming the colors is 
banked. 

color scale=4 

1 dot is represented by successive 4 bits. Successive 2 
dots are represented by 1 byte. 

It supports 16-color bit map display. 

bit-dot polarity 

The bit-dot polarity is a concept which should be 
considered in a combination of a bit map display and 
processor. In a general bit map display where the low 
order addresses are represented on the left side, if dots 
corresponding to smaller bit numbers are represented 
on the left side, it is named such that a bit map display 
has the positive bit-dot polarity. If dots corresponding 
to larger bit numbers are represented on the left side, it 
is named such that a bit map display has the negative 
bit-dot polarity. In other words, a big-endian processor 
has the positive bit-dot polarity only when the MSB is 
represented on the left side. 

color offset 

Specify what bit of multiple bits forming 1 dot is 
operated. 

The following relationship is obtained. 


OXcoior offset <color scale 


This attribute is a parameter for the bit map display 
operation rather than an attribute of the bit map display 
hardware. 

When dots which move horizontally for X (dot off- 
set) from the dot corresponding to base address bit 
offset in the memory is calculated as follows: 

(dot offset is a group of points on the screen, while bit 
offset is a group of bits in the memory.) 

In positive bit-dot polarity: 


bit offset =X * color scale+color offset 
In negative bit-dot polarity: 
bit offset =(X * color scale +color offset) .xor. 7 


The BVMAP, BVCPY and BVPAT instructions 
actually used in the data processor of the present inven- 
tion have restrictions that affect the implementation. 
These instructions can be used only when: 

bit-dot polarity is positive. 

color scale is 1. 

Thus, it is necessary to define the hardware of the bit 
map display to some extent. The practical restrictions 
are as follows. 

Since the bit-dot polarity is positive, when the data 
processor of the present invention is big-endian, the 
small address and the smal] bit number (MSB) should be 
displayed on the left side of the screen. 

Since only color scale=1 is available, there are the 
following restrictions for the bit map display where 
color scale}. 

For the bit map display where color scale+1, the 
type of operation cannot be changed every color offset. 

Since color scale cannot be changed with the 
BVMAP instruction, if color scale of the bit map dis- 
play is not 1, unless the internal expression is not the 
same content as color scale, the BVMAP instruction 
cannot be used. Because the inner expression of the 
screen image depends on the hardware, to convert data 
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between different hardware systems, data format should 
be changed. 

The variable length bit field manipulation instructions 
use many operands and require long execution times. 
Thus, mechanisms for accepting interrupts during exe- 
cution and for reexecuting the instruction after an inter- 
rupt process are required. The data processor of the 
present invention uses a fixed number of registers which 
specify an operand and represent the progress condi- 
tions of the operation. Therefore, even if an interrupt 
occurs during execution of a variable length bit field 
instruction, if the register is correctly saved and re- 
stored in the interrupt process handler, after the inter- 
rupt process, the bit field instruction can be restored on 
the way. Even if the status is saved or the context is 
switched after execution is suspended or the same bit 
map instruction is executed with a different process 
after the context is switched, when the former bit map 
instruction is resumed at the same context, it should 
work correctly. 

In the BTRON specification, with a conventional 
main memory, which is not WRAM, characters and 
figures may be described. Consequently, in the variable 
length bit field instructions, since a page fault may oc- 
cur, like the string instructions, it is possible for a sus- 
pension of execution due to the page fault. 

In the BVMAP and BVCPY instructions, to move a 
figure horizontally with an insert editor the source of 
the bit map can be overlapped with the destination of 
the bit map. Like the string instructions, the direction to 
be operated is specified with the options /F and /B. The 
direction to be operated is determined by software so 
that the source is not destroyed by the destination. 
However, the option /B which can specify the reverse 
operation is defined in <21 L2>> to simplity the 
complexity of the implementation. 

The data processor of the present invention also sup- 
ports the reverse operation for increasing the operation 
speed of BTRON. 

If src is overlapped with dest and if the length from 
base to offset for dest is smaller than that for src, a 
smaller offset is first processed so that the content of src 
is not destroyed by that of dest. To do that, the /F 
option is used. Therefore, the smaller offset side (ad- 
dress) is located on the left side. The length from base to 
offset for dest is smaller than that for src when the bit 
map data is moved on the left side by deleting charac- 
ters. 

In addition, if the length from base to offset for dest is 
longer than that for dest, the larger offset is first pro- 
cessed so that the content of src is not destroyed by that 
of dest. To do that, the /B option is used. The length 
from base to offset for dest is larger than that for src 
when the bit map data is moved on the right side by 
inserting characters. 

If src may be overlapped with dest, the correct option 
should be used depending on the decision of software so 
that the contents of src is not destroyed by that of dest. 
However, since the /B option is defined in < <L2>>, 
if /B cannot be used, the contents of src should be tem- 
porarily copied to another position and then the opera- 
tion with dest should be performed. 

If there is no overlap between src and dest, the result 
is the same no matter which option is used. 

If the /B option is used when the length from base to 
offset for dest is smaller than that for src or if the /F 
option is used when the length from base to offset for 
dest is larger than that for dest, it is necessary to con- 
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sider which operation occurs. Because dest, of the por- 
tion which has been operated, destroys the portion 
where src has not been referenced, the correct result 
cannot be obtained. If an instruction which was sus- 
pended is reexecuted due to the algorithm, the result 
may change. Since the correct result is not assured, it 
does not matter if the result is changed by an execution 
suspension. When no execution suspension takes place, 
a correct result may be obtained, so that an non-repeata- 
ble bug can happen. However, if the error check is 
performed completely, overhead increases, resulting in 
decreased execution time. The error check is not per- 
formed, so the user should take care of it. 

In the variable length bit field instructions, only 32 
bits or 64 bits <<LX>> can be used for bit offset 
(offset), bit width (width), and pattern data (pattern) in 
registers. 8 bits and 16 bits can not be specified. The 
resister size of 32 bits and 64 bits is selected by the X 
field. 

In the BVMAP, BVCPY and BVPAT instructions, 
the memory access method on the dest side is not speci- 
fied except that it be performed by the. write or read- 
modify-write operation. 

If width SO in the BV instructions, the instruction is 
terminated without any operation being performed. 
However, an EIT does not occur. In the BVSCH in- 
struction, V_flag which represents the completion due 
to width (same as search operation failure) is set. In 
complex instructions such as the BV instructions and 
string instructions, a high level subroutine may be cre- 
ated using such an instruction. For example, BYMAP is 
repeated for a number of lines to produce the BitBlt 
function. It is not necessary to check width every time, 
but codes which may be directly generated by the com- 
piler should be carefully checked. Thus, detection of 
the width of the BF instructions is an exception. 

If offset + width overflow in a variable length bit field 
instruction, when the execution is suspended by an 
interrupt or when the instruction is completed, the off- 
set value on the register becomes incorrect, so that the 
instruction cannot be correctly executed. In this case, 
the operation is not assured. On the architecture, al- 
though it is recommended that it be detected and 
treated as an invalid operand exception (OE) when the 
instruction is executed, to prevent prolonged execution 
time, it is executed without checking. (In string instruc- 
tions, since a pointer address rather than an integer 
accords with offset, it is not treated as an overflow, but 
only as a wraparound of the address.) 

MNEMONIC: 

BVSCH 
OPERATION: 

find first ‘0’ or ‘1’ in the bitfield (variable length) 
OPTIONS: 

/0 Search ‘0’ (default). 

/1 Search ‘1’. 

/F Search for 0 or 1 in the direction of increasing bit 

number (default). 

/B Search for 0 or 1 in the direction of decreasing bit 
number <<L2>>. (the data processor of the 
present invention supports this option.) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 181: shown in FIG. 163. 

STATUS FLAGS AFFECTED 182: shown in FIG. 
164. 

DESCRIPTION: 

Search for a ‘0’ or ‘]’ in the variable length bit field. 


40 


55 


6 


84 

When this instruction is executed after the search 
start bit number (bit offset) is set to the offset operand 
(R1), the bit number of the search result is set to the 
offset operand (R1). In other words, offset is processed 
by the read-modify-write operation, so that the bit 
search operation can be continuously repeated. Offset is 
treated as a signed integer. 

After BVSCH is executed, if the search operation is 
unsuccessfully terminated, V—flag is set and offset indi- 
cates the bit to be searched next. An EIT does not oc- 
cur. The offset and V_flag of the BVSCH instruction 
are set the same way as the BSCH instruction. 

Although the search operation in the reverse direc- 
tion using /B is defined in the < <<L2> > specification, 
the data processor of the present invention supports it. 

This instruction can be used to search an empty block 
of a disk and memory. 

For detailed specification of comlex instructions such 
as variable length bit field instructions and string in- 
structions as well as the register values after the instruc- 
tion is terminated, see Appendix 11. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When + =‘0" 

When X=‘1’ 

When P=‘l'’ 

MNEMONIC: 

BVMAP 
OPERATION: 

bit operation (one line BitBlt) 

OPTIONS: 
/F Perform the operation from the smaller offset 
(default). 

/B Perform the operation from the larger offset 
<<L2>>. (the data processor of the present 
invention supports it.) 

INSTRUCTION FORMAT AND ASSEMBLER 

SYNTAX 183: shown in FIG. 165. 

STATUS FLAGS AFFECTED 184: shown in FIG. 
166. 

DESCRIPTION: 

The instruction provides for various logical opera- 
tions for variable length bit fields src and dest to per- 
form the bit map operation on a computer display. The 
type of operation is specified by the lower 4 bits of R5. 
The following 16 types are provided. 


Bit pattern Mnemonic Function Operation 

0000 F False 0 — dest 

0001 NAN NotAndNot ~dest .and. ~src —» dest 
0010 AN AndNot dest .and. ~src —> dest 
0011 NS NotSrc ~srco —+ dest 

0100 NA NotAnd ~dest .and. src —> dest 
0101 ND NotDest ~dest —+ dest 

0110 x Xor dest .xor. src — dest 
0111 NON NotOrNot ~dest .or. ~src —> dest 
1000 A And dest .and. src —> dest 
1001 NX NotXor ~ dest .xor. arc — dest 
1010 D Dest dest — dest 

1011 ON OrNot dest .or. “src —+ dest 
1100 Ss Src arc —» dest 

1101 NO NotOr ~ dest .or. src —> dest 
Ito Le) Or dest .or. src -+ dest 

1 T True 1 — dest 

The D (Dest) operation mode is provided for the sym- 


metry of operations. 
If the high order bits of register R5, which specifies 
the operation, are not zeroes, it is not checked. An 
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invalid operand exception (IOE) does not occur in 
order to minimize the implementation complexity and 
keep the execution speed from being degraded. 

/¥ and /B options serve to specify whether the oper- 
ation is performed from the smaller offset or from the 
larger offset. If src and est of the bit map are over- 
lapped, the contents of dest destroy that of src, so that 
the correct result cannot be obtained. 

When src and dest are overlapped, if the length from 
base to offset for dest is smaller than that for src, the 
operation is started from the smaller offset so that the 
contents of src are not destroyed by dest. To‘do that, 
the /F option is used. Generally, the smaller offset (ad- 
dress) is placed on the left side as the relationship be- 
tween the screen and bit map. Thus, when the bit map 
data is moved to the left by deleting characters, the 
length from base to offset for dest is smaller than that 
for src. 

If the length from base to offset for dest is larger than 
that for src, the operation is started from the larger 
off-set so that the contents of src are not destroyed by 
dest. To do that, the /B option is used. The length from 
base to offset for dest is larger than that for src when the 
bit map data is moved to the right by inserting charac- 
ters. 

In addition, if the /B option is used when the length 
from base to offset for dest is smaller than that for src or 
if the /F option is used when the length from base to 
offset for dest is larger than that for src, the result (dest) 
is not assured. If the instruction reexecution occurs due 
to an interrupt and page fault during instruction execu- 
tion, the result may change. 

If src and dest are overlapped, it is necessary to use 
the correct option through software and proceed to the 
operation so that the content of src is not destroyed by 
that of dest. Since the /B option is defined in 
<<L2> >, if it cannot be used, it is necessary to copy 
the contents of src to another location and perform the 
operation with dest. The data processor of the present 
invention supports the /B option. 

If not overlap occurs, the result is not changed re- 
gardless of which option is used. 


<— The length from base to offset is small. 
The length from base to offset is large. + 


{In the case of no overlap 185): 
diagrammed in FIG. 167. 
The result of the operation is assured with /B and /F. 
(In the case of overlap 186]: 
diagrammed in FIG. 168. 
[In the case of overlap 187]: 
diagrammed in FIG. 169. 
PROGRAM EXCEPTION: 
Reserved instruction exceptions 
When Q=‘!’ 
When X=‘!’ 
When P=‘}’ 
MNEMONIC: 
BVCPY 
OPERATION: 
bit transfer 
OPTIONS: 
/¥F Perform the operation from the smaller offset 
(default). 
/B Perform the operation from the larger offset 
<<L2>>. : 


—_ 
o 


15 


20 


2 


tn 


30 


45 


50 


35 


65 


86 

(the data processor of the present invention supports 

this option.) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 188: shown in FIG. 170. 

STATUS FLAGS AFFECTED 189: shown in FIG. 
171. 

DESCRIPTION: 

This instruction serves to transfer bits between vari- 
able length bit fields src and dest for bit map operation 
on a monitor screen. This instruction transfers bits with- 
out the arithmetic operation function of the BVMAP 
instruction so that the bit transfer operation can be 
performed at a high speed. 

The functions of the /F and /B options are the same 
as those of the BVMAP instruction. If sre and dest of 
the bit map are not overlapped, the results are the same 
regardiess of which option is used. On the other hand, if 
they are overlapped, it is necessary to use the correct 
option so that the contents of src are not destroyed by 
dest. 

When the /B option is used, the offset value, the 
maximum number of the bit field to be transferred, is 
added to 1. It is specified as the offset value to be placed 
in R1 and R4. This function is in accordance with the 
specifications of SMOV/B and SCMP/B. Although the 
/B option is defined in <<L2> >, the data processor 
of the present invention supports it. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When Q=‘!’ 

When X=‘l’ 

When P=‘!’ 

MNEMONIC: 

BVPAT 
OPERATION: 

cyclic bit operation 

Operation of pattern and bit map 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 190: shown in FIG. 172. 

STATUS FLAGS AFFECTED 191: shown in FIG. 
173. 

DESCRIPTION: 

This instruction is used to fill the bit map on a com- 
puter screen with some pattern or to perform logical 
operations for the bit map on a screen with some pat- 
tern. When continuously generating a pattern, perform 
logical operations on the bit field. 

If the high order bits for the operation specification 
(R5) are not 0, they are ignored. 

However, even though they are not checked, for 
future expansion, the high order bits should be filled 
with ‘0’. This function does not use an invalid operand 
exception (JOE) so that the complexity of the imple- 
mentation is not increased and the execution speed is 
not lowered. 

This instruction does not perform a shift operation 
during a memory write unlike BVMAP and BVCPY. 
The specification of offset only masks pattern. On the 
other hand, the BVMAP instruction performs a shift 
operation if the offset of src differs from that of dest. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 


When + =‘0' 
When X='‘!’ 
When P=‘!’ 


12-9 Decimal Arithmetic Instructions 
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The data processor of the present invention supports 
unsigned PACKED format (BCD) decimal one word 
addition/subtraction operation and the PACK/UN- 
PACK process according to the <<L1> > specifica- 
tion of the main processor and signed PACKED format 
decimal one word addition/subtraction operation ac- 
cording to the <<L2>> specification. In addition, 
the addition, subtraction, multiplication, and division of 
long digit decimal numbers are processed by a co- 
processor. 

This paragraph described only the addition and sub- 
traction of the PACKED formal decimal numbers and 
PACK/UNPACK process. The addressing mode of the 
decimal arithmetic operations is the same as that of the 
conventional instructions. 

The data processor of the present invention does not 
support the four types of decimal arithmetic operation 
instructions described in this paragraph. 
MNEMONIC: 

ADDDxX src,dest (the data processor of the present 

invention does not support this instruction.) 
OPERATION: 

dest-+src+X_flag=32 >dest BCD . 

Addition in BCD 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 192: shown in FIG. 174. 

STATUS FLAGS AFFECTED 193: shown in FIG. 
175. 

DESCRIPTION: 

Add packed BCD numbers. 

This instruction can handle BCD data consisting of 8 
bits (2 digits), 16 bits (4 digits), 32 bits (8 digits), and 64 
bits (16 digits). However, 64 bits are only handled in the 
<<LX> > specification. 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is zero- 
extended and the content of the source operand is added 
to that of the destination operand. 

Since the sign-extension of a BCD number is not 
meaningful, it is treated as an unsigned number and the 
flag change of ADDDX is based on that of ADDU. 
Like ADDU, V_flag is set if the result is not com- 
pletely placed in dest and a carry-out from dest is sent to 
X_flag if d<s. However, the status of Z_flag cumula- 
tively changes as in ADDX and SUBX rather than 
ADDU. 

If each digit of src and dest contains a number other 
than 0 to 9, in other words, if the contents of each oper- 
and of ADDDX and SUBDX are not a number in BCD, 
an EIT does not occur. However, the contents of dest 
and the results sent to flags are not assured (depending 
on the implementation). This function does not use an 
invalid operand exception (IOE) so that the complexity 
of the implementation is not increased and the execution 
speed is not lowered. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='1l’ 

When MM=‘II’ 

When EaR is @-SP 

When EaM is #imm—data, @SP+ or @-SP. 

<<L1>> functional exception 

When the bit pattern of ADDDX is decoded. 
MNEMONIC: 

SUBDX src,dest (the data processor of the present 

invention does not support this instruction.) 
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88 
OPERATION: 

dest-src-X_flag = = >dest BCD 

Subtraction in decimal BCD 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 194: shown in FIG. 176. 

STATUS FLAGS AFFECTED 195: shown in FIG. 
177. 

DESCRIPTION: 

Subtract packed BCD numbers. 

This instruction can handle BCD data consisting of 8 
bits (2 digits), 16 (4 digits), 32 bits (8 digits), and 64 bits 
(16 digits). However, 64 bits are only handled in the 
<<LX> > specification. 

If the size of the source operand is smaller than that of 
the destination operand, the source operand is zero- 
extended and the content of the source operand is sub- 
tracted from that of the destination operand. 

Since the sign-extension of a BCD number is not 
meaningful, it is treated as an unsigned number and the 
flag change of SUBDX is based on that of SUBU. Like 
SUBU, V_flag is set if the result becomes negative and 
a borrow from dest is set to X_flag if d<s. However, 
the status of Z_flag cumulatively changes like ADDX 
and SUBX rather than SUBU. 

If the result becomes negative in SUBDX, dest is not 
represented as an absolute value, but a complement 
(complement of 10). Thus, the value becomes the same 
as from the high order digit is dest. 


If SUBDX is executed with 16 bits, 
dest src 
0123 — 0456 = (—0333) dest becomes (—333) = 9667 


Example: 


If each digit of src and dest contains a number other 
than 0 to 9, in other words, if the contents of each oper- 
and of ADDDX and SUBDX is not a number in BCD, 
an EIT does not occur. However, the content of dest 
and the results sent to flags are not assured (depending 
on the implementation). This function does not use an 
invalid operand exception (IOE) so that the complexity 
of the implementation is not increased and the execution 
speed is not lowered. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘1l1’ 

When MM=‘11’ 

When EaR is @-SP 

When EaM is #imm_data, @SP+ or @-SP. 

<<Ll>> functional exception 

When the bit pattern of SUBDX is decoded. 
MNEMONIC: 

Packss src,dest (the data processor of the present 

invention does not support this instruction.) 

OPERATION: 

pack data 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 196: shown in FIG. 178. 

STATUS FLAGS AFFECTED 197: shown in FIG. 
179. 

DESCRIPTION: 

Pack the content of src in BCD (Binary Coded Deci- 
mal) and transfer it to dest. Actually, one of B, H, W 
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and L is placed in s of PACKss and the following mne- 
monic and operation take place. 


PACKHB - src[.H],dest{.B] 
RR=01,WW=00 | src(04:07] — dest[00:30], 
src[12:15] — dest[04:07] 
PACKWH - src[.W],dest{.H] <<L2>> 
RR=10,WW=01 | src[04:07] — dest[00-03], 
sre[}2:15] — dest[04:07] 
src[20:23] — dest(08:11], 
sro[28:31] — dest[12:15] 
PACKWB - src[.W],dest[.B] 
RR=10,WW=00 | src[12:15] —- dest{00:03), 
src[28:31] > dest{04:07} 
PACKLW  src{.L],dest[.W] <<LX>> 
PACKLH - src[.L],dest[.H] <<LX>> 


Since the mnemonic in PACKss and UNPKss depends 
on the size, it is considered that the function of the 
instruction significantly changes depending on the size. 
In other words, only the zero-extension and sign-exten- 
sion are performed in the conventional instructions 
depending on the size, while the operations in PACKss 
and UNPKss significantly change depending on the 
size. 

If a combination of sizes which are not listed in the 
above table is specified, the result of the operation is not 
assured (the value depending on the implementation is 
set to dest). Although it is desirable to generate a re- 
served instruction exception (RIE) on the architecture, 
a reserved instruction exception does not occur. This 
concept also applies to the logical operation between 
different sizes. 

The bits of src which do not affect dest (2 7to2 4 
bits of PACKHB), they are not checked for 0 or 1. 
Even if they are not 0, they are ignored. Since letter 


codes are packed directly, for the most part they are not 3 
0 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘ll’ 

When W=‘I' 

When EaR is @-SP 

When EaW is #imm_data or @SP+ 

<<Ll>> function exception 

When the bit pattern of PACKss is decoded. 
MNEMONIC: 

UNPKss src,dest,adj (the data processor of the pres- 

ent invention does not support this instruction.) 
OPERATION: 

unpack data 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 198: shown in FIG. 180. 

STATUS FLAGS AFFECTED 199: shown in FIG. 
181. 

DESCRIPTION: 

Unpack the contents of src in packed form decimal, 
add the adjustment value adj to the value being un- 
packed, and transfer the result to dest. To directly gen- 
erate character codes using the UNPK instruction, the 
adjustment value adj is added. Adj is added in binary 
rather than in decimal. The adj size is specified by the 
WW field together with the dest size. 

Actually, one of B, H, W and L is placed in s of 
UNPKss and the mnemonic and operation 200 take 
place; as described in FIG. 182. 

If a combination of sizes which is not listed in the 
above table is specified, the result of the operation is not 
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assured (the value depending on the implementation is 
set to dest). Although it is desirable to generate a re- 
served instruction exception (RIE) on the architecture, 
since it is difficult to detect an RIE by a combination of 
the two operand sizes, a reserved instruction exception 
does not occur. 

An overflow by addition of adj is ignored. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When WW='ll’ 

When EaR is @-SP 

When EaW is #imm_—data or @SP+ 

<<LI>> function exception 

When the bit pattern of UNPKss is decoded. 

12-10 String Manipulation Instructions 

A ‘string’ is a data type where data of 8 bits, 16 bits, 
32 bits or 64 bits is continuously aligned for any length. 
(Only the SSCH instruction supports data collection 
which is not continuously aligned.) 

The meaning of string data is not specified. It may be 
real character code, integer or floating point, each of 
which is interpreted by the user. 

The string range can be represented in the following 
two manners. 

Specify the string length (amount of data). 

Specify the character which represents the end of 

string (terminator). 

It is necessary to select one of the above two methods 
depending on the purpose and language in use. In the 
string instructions of the data processor of the present 
invention, a parameter for the amount of data or the 
terminator in the format of the optional termination 
condition can be specified. The string instructions of the 
data processor of the present invention support both 
specification methods. 

One of the features of the string instructions of the 
data processor of the present invention is the ability to 
freely select the amount of incrementation/decrementa- 
tion by the pointer. Thus, with the string search instruc- 
tions (SSCH instruction) the table can be searched and 
a multiple element array can be scanned. 

As the termination conditions of the string instruc- 
tions SMOV, SCMP and SSCH, various conditions 
such as large-small comparison and two-value compari- 
son can be specified. The SSCH instruction is used for 
searching a string. Since the search condition is speci- 
fied as a termination condition, it only works as a termi- 
nation condition, Termination conditions 201 (ecee) 202 
specified by the string instructions are as seen in FIG. 
183. 

As applications of the string instructions imply, pro- 
cessing of character strings of 8 bits/16 bits, searching 
the specific bit pattern, transferring a memory bloc, 
inserting a structure, clearing a memory area, etc., are 
available. 

Since the string instructions deal with non-fixed 
length data the same as variable length bit field instruc- 
tions, the functions of interrupt acceptance during exe- 
cution and execution resumption are required. On the 
other hand, the string instructions themselves do not 
become codes generated by the compiler. Instead, they 
are provided as subroutines written by the assembler. 
Therefore, the restrictions for symmetry and addressing 
mode are not strictly necessary. Thus, the string instruc- 
tions of the data processor of the present invention use 
the fixed number registers (RO to R4) to keep the oper- 
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and and the status during execution. The major registers 
used are as follows. 
RO: Start address of the source string 
RI: Start address of the destination string 
R2: Length of string and amount of data 
R3: Comparison value of termination condition (1) 
R4: Comparison value of termination condition (2) 
R2 represents the length of string using the number of 
elements rather than the number of byte. R2 is treated as 
an unsigned number. R2=0 indicates the instruction is 
not terminated by the number of elements. In other 
words, to avoid terminating the instructions by the 
number of elements, the instruction should be per- 
formed with R2=0. The execution pattern of the string 
instruction is described as follows: 





do { 


R2 —- |— R2; 
check_interrupt; 
} while (R2 !=0); 


If R2=0, whether the number of elements is 
H’100000000 or more (the number of elements is not 
checked) depends on the implementation. In other 
words, if the instruction is not terminated even after the 
elements are operated on H’100000000 times, the opera- 
tion that follows depends on the implementation. How- 
ever, if the instruction is terminated due to a cause other 
than the number of elements (it generally occurs when 
R2=0), the value of R2 (see Appendix 11) after the 
instruction is terminated should be correctly set. Except 
for a special case where R5=0 is specified by SSCH/R, 
an address transfer exception (ATRE) and bus access 
exception (BAE) occur when the elements are operated 
for H’ 100000000 times, resulting in the suspension of the 
instruction. 

Since the string instructions can be terminated by 
various causes, flags are used to distinguish them. The 
meaning of each flag is as follows: 

V_flag Termination by the number of elements (string 
length) 

F_flag Termination by the termination condition (eeee) 
To distinguish multiple termination conditions, M— 
flag is used. For the status change of M_flag, see the 
related appendix. 

In SCMP and SSCH, which do not have other termina- 

tion causes, the status changes of V_flag and F_flag 

are complementarily performed. The SCMP instruction 
may be terminated whether the comparison data is 
matched or not. 

MNEMONIC: 

SMOV 
OPERATION: 

copy string 
OPTIONS: 

/F Copy the string in the direction the address in- 

creases. 

/B Copy the string in the direction the address de- 

creases. 

/Various termination conditions (eeee) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 203: shown in FIG. 184. 

STATUS FLAGS AFFECTED 204: shown in FIG. 
185. 

DESCRIPTION: 

Transfer the string. 
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In the string instruction, SMOV/B copies the string 
in the direction the address decreases. The addresses 
specified by RO and RI point the maximum address of 
the string+ 1 and the string copy operation is performed 
by decreasing RO and R1. 

If one of the /F and /B options is improperly used 
when src and dest are overlapped, the result of the 
SMOV operation is not assured. In other words, the 
result may depend on the implementation and whether 
the instruction execution is suspended or not. 

When memory access is conducted using the feature 
of the complex instruction in a pipeline manner, the 
memory access order may change and the element that 
follows is never read after the element that precedes is 
written. 

The backward string copy option /B is defined in 
<<L1>> instead of <<L2>> only in the instruc- 
tion SMOV/B. 

For a detailed specification of complex instructions 
such as variable length bit field instructions and field 
instructions as well as the register value after the in- 
struction is completed, see Appendix 11. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS=‘'1!’ 

When P=‘I’ 

When Q='I’ 

When eeee=‘0111°~‘1111’ 

MNEMONIC: 

SCMP 
OPERATION: 

compare string 
OPTIONS: 

/F Compare the string in the direction the address 

increases. 

/B Compare the string in the direction the address 
decreases. <<L2>> (the data processor of the 
present invention supports this option.) 

/various termination conditions (eeeé) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 205: shown in FIG. 186. 

STATUS FLAG AFFECTED 206: shown in FIG. 
187. 

DESCRIPTION: 

Compare the contents of string srcl with those of 
string src2. 

The comparison operation is continued while the 
contents of the two strings are matched. If an un- 
matched string is found, the operation is terminated. 
The SCMP instruction sets the flags depending on the 
result of src2 —srcl like the CMP instruction. For exam- 
ple, L_flag indicates the contents of src2 are smaller 
than those of srci rather than setting the flag based on 
the results of srcl —src2. SCMP has the following three 
instruction termination causes which can be distin- 
guished from the flag status. 

1. Termination by the number of elements (amount of 
data) (R2) 

V_flag=1 
2. Termination by termination conditions 

F_flag=1, M_flag is changed by termination causes. 
3. Termination by unmatched data being compared 

Z_flag=0, L_flag and X_flag are changed by the 
comparison result. 

L_flag is the comparison result when the comparison 
is made by treating the last data as signed data. 

X_flag is the comparison result when the comparison 
is made by treating the last data as unsigned data. 
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Although 2 and 3 can be checked at the same time, 
cause 1 is checked in a different phase than causes 2 and 
3. Thus, although causes 2 and 3 may be satisfied at the 
same time, causes 1 and 2 and causes 1 and 3 are not 
satisfied at the same time. If one or more of the causes 
are satisfied, the SCMP instruction is terminated. 

As long as the data to be compared is matched, the 
value (srcl =src2) is tested as the termination condition. 
If data is not matched, srcl represented by RO is tested 
as the termination condition. 

For M_flag, which does not have meaning unless the 
termination conditions are satisfied, if the instruction is 
terminated due to a different termination cause, the 
result becomes uncertain. The M_flag status should 
always be set to 0. 

Z—flag, L_flag and X_flag are always affected by 
the comparison result of the last data regardless of 
whether the result is matched or unmatched. Thus, if 
the instruction is completed by a condition other than 
cause 3 (when the data is matched), the status flags are 
automatically changed as follows. 


Z_flag=1, L_flag=0, and X_flag=0. 


Since SCMP deals with both signed data and unsigned 
data, the comparison result, where the element is con- 
sidered as signed data, is placed in L_flag. The compar- 
ison result, where the element is considered as unsigned 
data, is placed in X_flag. The character codes of 
BTRON should be treated as unsigned data. When 
normal integers are encountered, it is also necessary to 
use signed data. 

The flag change of SCMP 207 is summarized as 
shown in FIG. 188. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS=‘11’ 

When P=‘I!’ 

When Q='!’ 

When eeee=‘O111'~ ‘1111 
MNEMONIC: 

SSCH 
OPERATION: 

find a character in a string 
OPTIONS: 

/F Search a character in a string to the direction the 
address increases. (The pointer value increments 
by the element size.) 

/R The increment value of the pointer is specified by 
RS. 

/various termination conditions (eeee) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 208: shown in FIG. 189. 

STATUS FLAG AFFECTED 209: shown in FIG. 
190. 

DESCRIPTION: 

Search a string and find an element which satisfies the 
conditions. 7 

When the /R option is used, the elements are com- 
pared and RO is updated (by post increment or post 
decrement) regardless of whether R5 is positive or neg- 
ative. ; 

The size of R5 of SSCH/R is the same as that of the 
pointer RO. In other words, the size of R5 in the data 
processor32 of the present invention is fixed at 32 bits, 
while that in the data processor64 of the present inven- 
tion is specified by the P bit or mode independent from 
SS (R3, R4 and element size). 
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PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS=‘1l 

When P=‘!’ 

When eeee=‘0111~‘HII1’ 

MNEMONIC: 

SSTR 
OPERATION: 

Continuously write the same data (fill data in string). 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 210: shown in FIG. 191. 

STATUS FLAG AFFECTED 211: shown in FIG. 
192. 

DESCRIPTION: 

Continuously write the value of R3 to the memory 
area being specified by the start address (R1) and the 
length (R2). 

Since the SSTR instruction does not require any 
termination conditions, they are not specified. 

When R2=0 in string instructions, the instruction is 
not terminated by the number of elements. However, in 
the SSTR instruction, the termination by the number of 
elements is the only termination cause. When R2=0 is 
specified, an endless loop is formed. It should be pre- 
vented by software rather than hardware. However, it 
is possible to accept an interrupt during execution of the 
instruction and to reexecute the instruction. Thus, even 
if control enters an endless loop, the scheduling of the 
task and process is not affected. An endless loop which 
is formed by multiple instructions can be summarized 
with one instruction. R2=0 is not treated as an invalid 
operand exception (IOE) so that the specification is the 
same as other string instructions, the implementation’s 
complexity is reduced, and the operation speed is not 
lowered. 

Depending on the parameters and termination condi- 
tions being specified, an endless loop may be formed 
with the SSCH or QSCH instructions. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS='1l’ 

When P=‘I’ ; 

12-11 Queue Manipulation Instructions 

The data processor of the present invention provides 
QINS (insertion of queue being entered), QDEL (dele- 
tion of queue being entered), and QSCH (search of 
queue being entered) for queue operations. The queues 
that the data processor of the present invention supports 
are double linked queues where the beginning first and 
second data of a queue being entered are link pointers in 
the absolute address. The beginning data of the queue 
being entered is the pointer to the next queue entry, 
while the second data of the queue being entered is the 
pointer back to the previous queue entry. 

The specification of the queue instructions have been 
defined so that the queue header can be employed di- 
rectly as an operand of the queve instruction. 

1, In QDEL, the queue just after the instruction is 
deleted, rather than the queue being specified. If the 
queue head is specified as an operand, the beginning 
operand being entered is deleted. If the queue being 
searched with QSCH/B is deleted or if the last queue is 
deleted, an indirect reference is required. However, it is 
assumed their operations are not performed as often as 
those where the queue being deleted with QSCH/F and 
the beginning queue being entered are deleted. 
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2. In QINS, a new queue is inserted just before the 
queue being specified. If the queue head is specified as 
an operand, the new queue to be inserted follows the 
present queue. This operation is performed in one of the 
following two ways. To obtain the symmetry with the 
QDEL instruction in QINS, it is preferred to insert the 
new queue just after the queue being specified (or queue 
head) because the same operand can be specified to 
delete the new queue being entered with QINS using 
QDEL. In addition, this way is preferred where the 
queue is used as a stack (LIFO). On the other hand, if 
the queue is used for FIFO, with QINS, a new queue is 
inserted after the present queue and QDEL is often used 
to delete the beginning queue being entered. The latter 
is the natural queue operation as exemplified by 
ITRON, consequently, the latter specification is em- 
ployed. 

3. In QSCH, the queue being specified is searched just 
after the instruction rather than from the present queue 
being entered. If the queue head is specified as an oper- 
and, the queue search operation starts from the begin- 
ning queue. To search the next queue after the first 
search operation is successful, one only’ has to execute 
QSCH again. This way differs from other high level 
instructions (string, variable length bit field operation). 
In other words, with a string instruction, the queue 
search operation starts from the data that the pointer 
points at. When the continuous queue search operation 
is required, it is necessary to update the pointer with 
instructions other than queue instructions. However, 
since a different header is used in queues, it is possible to 
employ a different specification. 

4, Whether the queue is empty or not is determined 
by flags. If data is inserted in an empty queue with 
QINS and then the queue becomes empty after the 
queue being entered is deleted with QDEL, Z_flag is 
set. Since an attempt is made to delete from an empty 
queue causes an error, the pointer is not changed, but 
V_-flag is set. 

MNEMONIC: 

QINS entry,queue 
OPERATION: 

insert a new entry into a queue 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 212: shown in FIG. 193. 

STATUS FLAG AFFECTED 213: shown in FIG. 


194. 

DESCRIPTION: 

Insert a new entry specified by the entry field, just 
before the queue represented by the queue field. 

If the queue being specified with queue is the queue 
header, this instruction causes a new entry to be inserted 
at the end of the present queue. 

Z_flag is set depending on whether the queue is 
empty or not before the instruction is executed. 
[QINS instruction operation in 32-bit structure 214): 
described in FIG. 198. 

[Before execution 215]: diagrammed in FIG. 196. 
[After execution 216]: diagrammed in FIG. 197. 

In the addressing mode which is specified by EaMqP 
and EaMaP7?, the register direct Rn, @-SP, @SP+ and 
#imm_—data cannot be used. 

In addition, in QINS, the data structure for the por- 
tion which is not directly required for executing the 
instruction is not checked (such as linking condition for 
a new queue being entered just before and after a pres- 


wa 


w 


0 


w 
ta 


45 


55 


96 
ent queue). The QINS instruction works as described in 
“OPERATION”. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When + =‘0’ 

When — =‘l’ 

When EaMdP is Rn, #imm—data, @SP+ or @-SP 

When EaMgqP7? is Rn, #imm_data, @SP+ or @-SP 
MNEMONIC: 

QDEL queue,dest 
OPERATION: 

remove a entry from a queue 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 217: shown in FIG. 198. 

STATUS FLAG AFFECTED 218: shown in FIG. 
199. 

DESCRIPTION: 

Delete the entry following the queue being specified 
by the queue field and set the address of the queue being 
deleted to dest. The address of the queue being deleted 
is set to dest because it may be frequently used. 

If the queue header is specified for queue, the begin- 
ning queue is deleted. 

If the queue being specified by the queue field is 
empty, the instruction cannot be executed. EIT does 
not occur, but V_flag and Z_flag are set and the in- 
struction is terminated. dest is not changed. 

dest/EaW!S prohibits the @-SP mode. If @-SP is 
allocated to dest while the queue is empty, V_—flag is 
set, and the content of dest cannot be transferred. The 
instruction operation becomes ambiguous. 

{QDEL instruction operation in 32-bit structure 219]: 
shown in FIG. 200 

[Before execution 220]: diagrammed in FIG. 201. 
[After execution 221]: diagrammed in FIG. 202. 

In the addressing mode specified by EaRqP, the reg- 
ister direct Rn, @-SP, @SP+ and #imm data modes 
cannot be used. 

In QDEL, the data structure for the portion which is 
not directly required for executing the instruction, is not 
checked (such as the linking condition for a new queue 
being entered just before and after a present queue). The 
QDEL instruction works as described in “OPERA- 
TION”. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When + =‘0’ 

When W=‘1’ 

When EaRgP is Rn, #imm_—data, @SP+ or @-SP 

When EaW!S is #imm_data, @SP+ or @-SP 
MNEMONIC: 

QSCH 
OPERATION: 

search queue entries 
OPTIONS: 

/NM Not mask R6. 

/MR Mask R6. <<L2>> (the data processor of 

the present invention does not support this option.) 

/F Search a queue in the forward direction. 

/B Search a queue in the reverse (backward) direc- 
tion. <<L2> > (the data processor of the present 
invention supports this option.) 

/Various termination conditions (eeee) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 222: shown in FIG. 203. 
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STATUS FLAG AFFECTED 223: shown in FIG. When m='‘!’ 
204. 12-12 Jump Instructions 
DESCRIPTION: MNEMONIC: 
Search and find the specified queue being entered. BRA newpc 
The backward search operation /B and mask function 5 OPERATION: 
/MR are specified in <<L2> >. the data processor of branch always (PC relative) 
the present invention supports the reverse search opera- OPTIONS: 
tion /B. However, it does not support the mask function None 
/MR. ei INSTRUCTION FORMAT AND ASSEMBLER 
Since this instruction requires the operation corre- 10 SYNTAX 227: shown in FIG. 208. 
spond to the length of the queue, it is necessary to con- STATUS FLAG AFFECTED 228: shown in FIG. 
sider cancelling the operation dynamically like the 209. 
string instructions. Thus, the operand and the execution DESCRIPTION: 
status during the execution are placed in the fixed num- The BRA instruction serves to support the addressing 
ber registers. 15 only for PC relative. BRA:D can use 8 bits, while 


The search conditions provide the mask operation 
(fetches a specified bit) and comparison operation. The 
mask operation is used to search a flag, while the com- 
parison operation is used to perform the priority opera- 
tion and the like. The comparison conditions are speci- 
fied like the termination conditions of the string instruc- 
tions. 

To determine the end of the queue, the queue entry 
address and the queue end address R2 are compared. If 
they are matched, the instruction is terminated. If the 
instruction is terminated by comparison with R2, in 
other words, if the search operation is unsuccessful 
because the search conditions are not met, V_flag is set 
and the instruction is terminated, but an EIT does not 
occur. 

Depending on the conditions of the QSCH instruc- 
tion being specified, control may enter an endless loop 
in the instruction. It should be checked by the program 
rather than the hardware. An interrupt during execu- 
tion and reexecution are available, so even if control 
mistakenly enters an endless loop in the user program, it 
does not affect the scheduling of the task and process. 
Usually, it is considered that an endless loop which is 
composed of multiple instructions is controlled by one 
instruction. 

Upon completion of the search operation, RO points 
at the queue_entry which meets the conditions being 
specified, while R1 points at the queue_entry just pre- 
ceding the queue that RO points at. 

R1 is used to delete the single linked queue. QDEL 
deletes the queue_-entry following the queve—entry 
being specified. After QSCH/F is executed, it is possi- 
ble to execute QDEL with parameter @R1 rather than 
@RO. 

Generally, by executing the QSCH instruction by 
setting the address of the queue head to RO and R2, the 
entire queue (including a case where the queue is 
empty) can be searched. , 

QSCH aims to be used in conjunction with the single 
linked queue and double linked queue. 

[QSCH operation 224}: described in FIG. 205. 

‘check_interrupt’ checks whether an interrupt from 
the outside occurs or not. If the interrupt occurs, the 
execution of QSCH is canceled and the interrupt opera- 
tion is started. After the interrupt operation is termi- 
nated, the remaining portion of the QSCH instruction is 
executed. 

[Before execution 225]: diagrammed in FIG. 206. 
[After execution 226]: diagrammed in FIG. 207. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS=‘11’ 

When eeee=‘O111’~‘1111 
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BRA:G can use 8 bits, 16 bits, 32 bits, and 64 bits as the 
sizes of the displacement. Since the instructions of the 
data processor of the present invention always start 
with an even address, with the short format BRA:D 
instruction, #d8 is doubled and used. In short, 


PC+#d8 *2==>PC 


If SS=00 is specified with BRA:G, #dS is not doubled, 
but used directly. 

If newpc is 16 bits long in BRA:G, although its in- 
struction function and code size are the same as those of 
JMP @(#dS:16, PC). However, since it may be possible 
to shorten the number of the execution cycles, they are 
provided as different instructions. 

If newpce is an odd number in BRA:G, since the desti- 
nation to be jumped becomes an odd address, an odd 
address jump exception (OAJE) takes place like the 
Bcc:G, BSR:G, JMP, and JSR instructions. In BRA:D, 
Bcec:D, and BSR:D, since the operand is doubled and 
then used, an OAJE does not occur. 

If SS=00 in BRA:G, Bce:G, and BSR:G, although 
the operand size is 8 bits long, the #dS field becomes 16 
bits long. It is necessary to use the low order eight bits 
of the #dS field and place 0 in the high order 8 bits. If 
the high order eight bits are not 0, the data to be repre- 
sented becomes a meaningless value depending on the 
implementation. EIT does not occur. 

The data processor of the present invention performs 
the dynamic branch predict process for this instruction. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS='1I’ 

When P=‘!’ 

Odd address jump exception 

When jumped to an odd address 
MNEMONIC: 

Bec newpc 
OPERATION: 

branch conditionally (PC relative) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 229: shown in FIG. 210. 

STATUS FLAG AFFECTED 230: shown in FIG. 
211. 

DESCRIPTION: 

The Bec instruction serves to support only the PC 
relative addressing mode. Bcc:D can use 8 bits, while 
Bec:G can use 8 bits, 16 bits, 32 bits, and 64 bits as the 
sizes of the displacement. Since the instructions of the 
data processor of the present invention always start 
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with an even address, in the short format Bcc:D instruc- 
tion, #d8 is doubled and used. In short, 





if (cece) 
PC + #dB*2— PC 


If SS=00 is specified with Bcc:G, #dS is not doubled, 
but used directly. 

The detail and mnemonic 231 of the portions where 
the conditions are specified in Bcc (portion ‘cc’) and the 
bit pattern of ccce 232, is shown in FIG. 212. 

If the jump operation does not occur because the 
conditions are not matched in Bcc:G, an OAJE may or 
may not occur in the data processor of the present in- 
vention. The data processor of the present invention 
performs the dynamic branch prediction process for 
this instruction. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS='IT’ 

When P=‘l’ 

When ceec=‘1110’~‘1111’ 

Odd address jump exception 

When jumped to an odd address 
MNEMONIC: 

BSR newpc 
OPERATION: 

jump to subroutine (PC relative) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 233: shown in FIG. 213. 

STATUS FLAG AFFECTED 23: shown in FIG. 
214. 

DESCRIPTIO‘N: 

The BSR instruction is a subroutine jump instruction 
where only the PC relative addressing mode is sup- 
ported. The value of PC is saved in the stack. 

BSR:D can use 8 bits, while BSR:G can use 8 bits, 16 
bits, 32 bits and 64 bits as the sizes of the displacement. 
Since the instructions of the data processor of the pres- 
ent invention always start with an even address, in the 
short format BSR:D instruction, #d8 is doubled and 
used. In short, 


PC+#d8 * 2==>PC 


If SS=00 is specified with BSR:G, #dS is not doubled, 
but used directly. 

As a PC value saved on the stack with the BSR and 
JSR instructions, the start address of the instruction that 
follows is used. On the other hand, if PC is referenced 
for calculating the effective address (including a case 
where PC is implicitly referenced in BSR and the like), 
note that the start address of the instructions rather than 
the next instruction is used as a value of PC. 

Although former PC is sgved in the stack with BSR 
and JSR, the alignment of SP is not checked. Even if SP 
is not a multiple of 4, such instructions are directly 
executed. 

The data processor of the present invention performs 
the dynamic branch prediction process for this instruc- 
tion. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS=‘11’ 

When P=‘l’ 
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When Q='l’ 

Odd address jump exception 

When jumped to an odd address 
MNEMONIC: 

JMP newpc 
OPERATION: 

address of src= = > PC 

jump 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 235: shown in FIG. 215. 

STATUS FLAG AFFECTED 236: shown in FIG. 
216. 

DESCRIPTION: 

Jump to an effective address of newpc. The jump 
instruction is available in the general addressing mode. 

In executing the case statement, the jump table is 
referenced to determine the address of the destination to 
be jumped. This operation is available by combining the 
JMP instruction and the index addressing in the addi- 
tional mode. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When EaA is Rn, #imm_data, @SP+ or @-SP 

Odd address jump exception 

When jumped to an odd address 
MNEMONIC: 

JSR newpec 
OPERATION: 

jump to subroutine 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 237: shown in FIG. 217. 

STATUS FLAG AFFECTED 238: shown in FIG. 
218. 

DESCRIPTION: . 

Jump to a subroutine at an effective address. A value 
of PC is saved in the stack. 

Asa value of PC saved in the stack with the BSR and 
JSR instructions, the start address of the instruction that 
follows is used. If PC is referenced to calculate the 
effective address (including a case where PC is implic- 
itly referenced in BSR and so on), note that the start 
address of the instruction rather than the instruction 
that follows is used as a PC value. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When P=!’ 

When EaA is Rn, #imm—data, @SP+ or @-SP 

Odd address jump exception 

When jumped to an odd address 
MNEMONIC: 

ACB step,xreg,limit,newpc 
OPERATION: 

add, compare and branch 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 239: shown in FIG. 219. 

STATUS FLAG AFFECTED 240: shown in FIG. 
220. 

DESCRIPTION: 

This instruction is a compound instruction composed 
of an addition instruction, comparison instruction and 
conditional jump instruction. This instruction is used as 
a primitive of a loop instruction. 
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The step, xreg and limit are operated and compared 
as signed integers. Although step should be a positive 
value for a conditional jump operation (xreg varies in 
the reverse direction of the end value). This instruction 
works as described in “OPERATION”, without check- 
ing whether step is positive or negative. 

In the ACB instruction, to execute a loop instruction 
at a high speed, overflow is not checked during the add 
step. If an overflow occurs after the step is added and 
the sign is changed, the incorrect value where the signal 
is changed is directly compared with limit. However, 
even if the result of the subtraction of limit —xreg over- 
flows, the comparison of xreg < limit is accurate. 

In ACB and SCB, the jump operation is conducted in 
the PC relative modes. Even if the displacement is 8 bits 
when SS=00, like SS=400, #dS8 is not doubled, but 
used directly. When SS3400, the field of #dS8 is not 
used (set to 0), but the data in the size specified by SS 
(16, 32 or 64 bits) just follows #dS8. 

For example, in ACB:Q #1,R0,#4, label 

If the difference between label and ACB:Q instruc- 
tion is H'1234, the following bit pattern is obtained. It is 
also the same as that in the :I format in the variable 
length bit field instruction. 


ACB:Q 


OORgMw1! 110!1POOl #6n.SS .#dS8. 





0000001 I 11010001 00010001 00000000. 00010010 00110100 
+0 +1 +2 +3 +4 +5 
<Address > 

(ACB operation] 


xreg + step — xreg 

/* If an overflow occurs, only the low order 
bits are enable. */ 

if (xreg < limit) then PC + #dS& — PC endif 


If newpc is an odd number, an OAJE occurs. In the data 
processor of the present invention, even if the jump 
operation does not occur because the termination condi- 
tions are satisfied, an OAJE occurs. 

If SS=400 occurs in the ACB and SCB instructions, 
the field of #dS8 is not used. At the time, even if the 
field of #dS8 is not 0, it is ignored. However, it is neces- 
sary to instruct the user that the field of #dS8 should be 
filled with zeros. 

The data processor of the present invention performs 
the dynamic branch prediction process for this instruc- 
tion. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When XX=‘11’ 

When SS=‘ll’ 

When P=‘!’ 

When EaR is @-SP 

When EaRX is @-SP_ , 

Odd address jump exception 

When jumped to an odd address 
MNEMONIC: 

SCB step,xreg,limit,newpc 
OPERATION: 

subtract, compare and branch 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 241: shown in FIG. 221. 
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STATUS FLAG AFFECTED 242: shown in FIG. 
222. 

DESCRIPTION: 

This instruction is a compound instruction composed 
of an subtraction instruction, comparison instruction 
and conditional jump instruction. This instruction is 
used for a primitive of a loop instruction. 

The step, xreg and limit are operated and compared 
as signed integers. Although step should be a positive 
value for a conditional jump operation (xreg varies in 
the reverse direction of the end value). This instruction 
works as described in “OPERATION”, without check- 
ing whether step is positive or negative. 

In the SCB instruction, to execute a loop instruction 
at a high speed, an overflow is not checked during the 
subtraction step. If an overflow occurs after the step is 
subtracted and the sign is changed, the incorrect value 
is compared directly with limit. However, even if the 
result of the subtraction of limit—xreg overflows, the 
comparison or xreg< limit is accurate. 

In ACB and SCB, the jump operation is conducted in 
the PC relative modes. Even if the displacement is 8 bits 
when SS=00, like SS3400, #dS8 is not doubled, but 
used directly. When SS5400, the field of #dS8 is not 
used (set to 0), but the data in the size specified by SS 
(16, 32 or 64 bits) follows #dS8. 


(SCB operation] 
xreg — Step —» xreg 
¢* Only low order bits are enabled if an overflow 
occurs. */ 
if (xreg = limit) then PC + #dS8 — PC endif 


If newpe is an odd number, an OAJE occurs. In the data 
processor of the present invention, even if the jump 
operation does not occur because the termination condi- 
tions are satisfied, an OAJE occurs. 

If SS3400 occurs in the ACB and SCB instructions, 
the #dS8 field is not used. Even if the #dS8 field is not 
0, it is ignored. However, it is necessary to instruct the 
user that the field of #dS8 should be filled with zeros. 

The data processor of the present invention performs 
the dynamic branch prediction process for this instruc- 
tion. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘II’ 

When XX=‘11’ 

When SS=‘11" 

When P=‘1’ 

When EaR is @-SP 

When EaRX is @-SP 

Odd address jump exception 

When jumped to an odd address 
MNEMONIC: 

ENTER local,reglist 
OPERATION: 

Create a new stack frame and jumps to a subroutine 

for a high level subroutine. 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 243: shown in FIG. 223. 

STATUS FLAG AFFECTED 244: shown in FIG. 
244. 

DESCRIPTION: 

Creates a stack frame for a high level language. 
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The local of ENTER is treated as a signed number. If 
the size of local is small, the value of local is sign- 
extended. If the content is negative, a meaningless stack 
frame is created and the instruction works as described 
in “OPERATION” without checking the contents like 
the ACB and SCB instructions. 

OPERATION: 

FP-> | TOS 

SP->FP 

SP-local->SP 

registers(mask)-> | TOS 
For detail of a stack frame for a high level language, see 
the related appendix. 

The bit map 245 of the register to be saved, LnXL, is 
specified as in FIG. 225. 

If bit O and bit 1 (SP and FP) are specified with regl- 
ist, their specifications are simply ignored. Even if bit 0 
and bit 1 are “1”, SP and FP are not transferred. An 
illegal operand exception (IOE) does not occur. How- 
ever, the FP and SP bits should be filled with zeroes. 

The alignment of FP and SP is not checked. Even if 
FP and SP are not multiples of 4, the instruction works 
as described in “OPERATION”. ‘ 

If the local operand of ENTER:G is in the memory 
and it is overlapped with the stack frame area which is 
formed by the execution of the ENTER instruction, it is 
very difficult to reexecute the instruction. In EN- 
TER:G and JRNG:G, and the symmetrical instruction 
EXITD:G, the addressing modes requiring the memory 
access operation (except the register direct Rn mode 
and immediate mode) are inhibited. If it is necessary to 
set a dynamic value as an operand of the instruction, 
one temporary register should be prepared to use the 
register direct Rn mode. 

The operation where FP and SP are specified as local 
depends on the implementation. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When X=‘1’ 

When +=‘0 

When —=‘l’ 

When P=‘!’ 

When SS=‘11’ 

When EaR!M is a mode other than #imm_—data and 

Rn 
MNEMONIC: 

EXITD reglist,adjsp 
OPERATION: 

exit and deallocate parameters 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 246: shown in FIG. 226. 

STATUS FLAG AFFECTED 247: shown in FIG. 
227. 

DESCRIPTION: 

Reallocate a stack frame for a high level language and 
reset the registers to exit from a subroutine. Add the 
content of adjsp to SP and discard the subroutine pa- 
rameters on the stack. 

The adjsp of EXITD is treated as a signed number. If 
the size of adjsp is small, the value of adjsp is sign- 
extended. If the value of adjsp is negative, the instruc- 
tion performs a meaningless operation. It is not 
checked, but works as described in “OPERATION” 
like ACB and SCB. 


Operation 
adjsp= = >tmp 
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| TOS= = > registers(mask) 
FP==>SP 
| TOS==>FP 
| TOS==>PC 


sp+tmp= = >SP 
For the details of stack frame for a high class language, 
see the related appendix. 

The bit map 248 of the register to be saved, LxXL, is 
specified as in FIG. 228. 

If bit 14 and bit 15 (SP and FP) are specified with 
reglist of EXITD, their specifications are ignored. Even 
if bit 14 and bit 15 are “1”, SP and FP are not trans- 
ferred. An illegal operand exception (JOE) does not 
occur. However, the FP and SP bits should be filled 
with zeroes. 

The alignment of FP and SP is not checked. Even if 
FP and SP are not multiples of 4, the instruction works 
as described in “OPERATION”. 

If EXITD, if the return address restored from the 
stack is an odd number, the destination becomes an odd 
address, so that an odd address jump exception (OAJE) 
occurs. 

In the operand adjsp/EaR!M of EXITD, all the ad- 
dressing modes which require the memory access oper- 
ations except the register direct Rn mode and immedi- 
ate mode are inhibited. If the operand of the instruction 
should be a dynamic value, one temporary register is 
available to use the register direct Rn mode. 

If the register direct Rn mode is used and the same 
register Rn is used for reglist, a value before restoring 
the register is used as adjsp. In other words, the register 
value before executing the EXITD instruction rather 
than the value after that becomes the content of adjsp. 

The operation to specify FP and SP as adjsp depends 
on the implementation. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When X=‘l’ 

When + =‘0’ 

When — ='‘!’ 

When P="I’ 

When SS=‘1T’ 

When EaR!M is a mode other than #imm_—data and 

Rn 
MNEMONIC: 

RTS 
OPERATION: 

return from subroutine 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 249: shown in FIG. 229. 

STATUS FLAGS AFFECTED 250: shown in FIG. 


230. 
DESCRIPTION: 
Return control] from a subroutine. 
Operation: 
{| TOS->PC 
If the return address returned from the stack is an odd 
number, an OAJE occurs. 
PROGRAM EXCEPTION: 
Reserved instruction exception 
When P=‘!’ 
Odd address jump exception 
When the return address is an odd number 
MNEMONIC: 
NOP 
OPERATION: 
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no operation 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 251: shown in FIG. 231. 

STATUS FLAGS AFFECTED 2832: shown in FIG. 
232. 

DESCRIPTION: 

No operation 
PROGRAM EXCEPTION: 

Reserved instruction exception 

When ‘—’=‘I’ 

MNEMONIC: 

PIB 
OPERATION: 

purge instruction buffer 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 253: shown in FIG. 233. 

STATUS FLAGS AFFECTED 254: shown in FIG. 
234. 
DESCRIPTION: 

Purge all the buffers of the instruction pipeline, in- 
struction queue and instruction cache so that it is as- 
sured that the instruction string in the memory matches 
the processor internal status. This instruction is used to 
acknowledge that the instruction codes may be changed 
(after the the processor is reset or the former PIB in- 
struction is executed). 

In the data processor of the present invention, to 
simplify the controls of pipeline, instruction queue and 
instruction cache, the instruction codes cannot be 
changed through a program. Even if the instruction 
codes are changed by a program, their operation is not 
assured. However, from a macro view of the OS pro- 
cess, a program is first loaded and then executed. In 
other words, instruction codes are changed by the OS 
program. In special applications, instruction codes cre- 
ated by a program are executed. 

The purpose of this instruction is to correctly execute 
instructions in such a case. When this instruction pre- 
cedes the instruction codes being changed, it is assured 
that the new instruction codes are correctly executed. 
With this instruction, pipeline, instruction queue and 
instruction cache are purged. 

However, if the pipeline and cache mechanisms pro- 
vide the bus monitoring features for rewriting the mem- 
ory and the coincidence with the memory is always 
assured by hardware, the purge operation by the PIB 
instruction is not required. In this case, the PIB instruc- 
tion is executed as the NOP instruction. In any case, it 
is necessary to assure the coincidence between the pipe- 
line and instruction cache with the memory after this 
instruction is executed. 

If multilevel logical space is formed by using MMU, 
the execution of only the instruction codes for the logi- 
cal space where the PIB instruction is executed is as- 
sured. For example, if the following instruction string is 
executed: 


Rewrite the instruction codes of context_A 
STCTX 

LDCTX context_B 

Rewrite the instruction codes of context_B 
PIB 
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The operation of context_B is assured even if the in- 
struction codes being changed are executed. After 
LDCTX context_A is executed, the execution of the 
instruction codes of context_A being changed are not 


§ assured. To assure the execution of the context_A, it is 
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necessary to execute the PIB instruction again. If LSID 
is used in the instruction cache, it is necessary only to 
purge the coincident instruction cache entry where 
LSID is matched. 

In the instruction other than the PIB instruction, even 
after the jump instructions and OS related instructions 
(LDCTX, REIT, RRNG, TRAP, EIT stat, etc.), the 
operation of the portion of the program where instruc- 
tion codes are changed is not guaranteed to decrease as 
much as the purge operation of the instruction cache. 
Thus, when executing the program that OS loads, it is 
necessary to execute the PIB instruction (for example, 
between LDCTX and REIT). 

“Buffer” of the mnemonic PIB (Purge Instruction 
Buffer) of the instruction is used in a wide variety of 
applications including cache, pipeline and so forth. The 
B buffer of PTLB is used in the same manner. The 
mnemonic PIB is created from the same association as 
PTLB. 

This instruction is not a privileged instruction. It can 
be used from the user program. 

Coincidence of instruction codes 

To precisely describe the operation of the PIB in- 
struction, the “coincidence of instruction codes” is de- 
fined as follows. 

The “coincidence of instruction codes” is defined for 
each logical address of each logical space. For example, 
the “coincidence of instruction codes” is used such that 
in the logical space A, the “coincidence of instruction 
codes” from H’00000000 to H’'OOOffffif is assured; in the 
logical : pace B, the ‘coincidence of instruction codes” 
from H’‘00010000 to H'OO03ffff is assured. Only when 
the “coincidence of instruction codes” is assured do 
these instructions work correctly (including the access 
right check operation of execute). Generally, the area 
where the “coincidence of instruction codés” is assured 
is the instruction code area, but in the data area, the 
“coincidence of instruction codes” is not assured. 

The “coincidence of instruction codes” is assured in 
the following cases. 

When the processor is reset: 

In all physical spaces (logical spaces), the “coinci- 
dence of instruction codes” is obtained. 

When the PIB instruction is executed: 

In all the areas of the logical space where the PIB 
instruction is executed, the ‘coincidence of instruction 
codes” is obtained. If AT =00, like the reset state, in all 
the physical spaces (= logical spaces), the “coincidence 
of instruction codes” is obtained. 

The “coincidence of instruction codes” is lost in the 
following cases: 

When the memory content is rewritten: 

When the memory content is rewritten, the “coinci- 
dence of instruction codes” in the area where the con- 
tent is rewritten is lost regardless of whether the mem- 
ory is accessed by logical address or physical address 
(AT=00, LDP instruction, and so forth). 

When ATE is updated: 

When ATE is updated, the “coincidence of instruc- 
tion codes” where the address is converted by ATE is 
lost. Thus, for example, if the protection bit during 
ATE is LDATE is changed, unless the PIB instruction 
is executed, the protection information is correctly 
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checked. (It would be effective to reduce the burden of 
the implement for checking the protection information.) 

In executing regular instructions which do not relate 
to the above items (BRA, JMP, JRNG, RRNG, TRAP, 
REIT, LDCTX and starting EIT), the “status of the 
coincidence of instruction codes” is not changed. 

12-13 Multiprocessor Support Instructions 
MNEMONIC: 

BSETI offset,base 
OPERATION: 

bit- > Z_flag, 1-> bit (interlocked) 

Set a bit Gock the bus). 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 255: shown in FIG. 235. 

STATUS FLAGS AFFECTED 256: shown in FIG. 


236. 

DESCRIPTION: 

Invert the bit value being specified, copy the inverted 
bit to Z_flag, and then set the bit value to 1. These two 
operations are both performed while the bus is locked. 
Consequently, this instruction is used to synchronize 
multiple processors. 

In the addressing modes specified with ShMfqi and 
EaMfi, the register direct mode Rn, @-SP, @SP+ and 
#imm_data modes cannot be used. 

In the assembler syntax, the memory access size is 
specified as the base size. In BSETI:Q, the memory 
access size is fixed to 8 bits, so it is possible to describe 
only ‘B’. The assignment of .H and .W for the access 
size in BSETI:G and BSETI:E is specified in 
<<L2>> like BSET and BCLR. 

If base is an address which is not aligned while the 
access size .H or .W is assigned in < <L2> > specifica- 
tion, the memory access range depends on the imple- 
mentation like the bit operation instructions. If an un- 
aligned word or half word is accessed, multiple bus 
cycles are executed while the bus is locked like the CSI 
instruction. 

The data processor of the present invention imple- 
ments access operations every half word or word, as 
specified in <<L2>>. In addition, if an address 
which is not aligned is assigned as base, the access oper- 
ation is performed every half word or word which is 
aligned. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='ll 

When BB=‘11’ 

When EaR is @-SP 

When EaMfi or ShMfgi is Rn, #imm—data, @SP+ 

or @-SP 
MNEMONIC: 

BCLRI offset,base 

OPERATION: 
bit- > Z_flag, 0-> bit (interlocked) 

Clear a bit (lock the bus). 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 257: shown in FIG. 237. 

STATUS FLAGS AFFECTED 258: shown in FIG. 
238. 

DESCRIPTION: 

Invert the bit value being specified, copy the inverted 
bit to Z_flag, and then set the bit value to 0. These two 
operations are concurrently performed while the bus is 
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locked. Consequently, this instruction is used to syn- 
chronize multiple processors. 

In the addressing modes specified with EaMfi, the 
register direct mode Rn, @-SP, @SP+ and #im- 
m_data modes cannot be used. 

In the assembler syntax, the memory access size is 
specified as the base size. The assignment of .H and .W 
for the access size in BCLRI:G and BCLRIE is speci- 
fied in <<L2>> like BSET and BCLR. 

If base is an address which is not aligned while the 
access size .H or .W is assigned in < <L2> > specifica- 
tion, the memory access range depends on the imple- 
mentation like the bit operation instructions. If an un- 
aligned word or half word is accessed, multiple bus 
cycles are executed while the bus is locked as in the CSI 
instruction. 

The data processor of the present invention imple- 
ments the access operations every half word or word as 
specified in <<L2>>. In addition, if an address 
which is not aligned is assigned as base, the access oper- 
ation is performed every half word or word which is 
aligned. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR=‘11’ 

When BB=‘11’ 

When EaR is @-SP 

When EaMfi is Rn, #imm—data, @SP+ or @-SP 
MNEMONIC: 

CSI comp,update,dest 
OPERATION: 

compare and store (interlocked) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 259: shown ix. FIG. 239. 

STATUS FLAGS AFFECTED 260: shown in FIG. 


240. 

DESCRIPTION: 

If the dest value is the same as the previous value 
(specified by comp), the content is updated. 

This instruction can be used when simply structured 
data is updated by multiple processors. After the CSI 
instruction is executed, if the dest value differs from the 
previous value, it means that the content of the data has 
been rewritten by another processor. Therefore, the 
processor which detects the difference in the dest value 
with the CSI instruction should update the content of 
the data based on the new dest value. In this manner, 
data can be maintained in a multiprocessor environ- 
ment. 





{CSI Operation] 
update — tmp 
/* The following operations are conducted while the bus 
is locked. */ 
if (dest = comp) 
then 


tmp —> dest 


1— Z_flag 


dest —- comp 
0— Z_flag 





Due to the restriction of the bit pattern, in CSI, even 
if the comparison operation is unsuccessfully termi- 
nated, the content of the update operand is read. In 
addition, the access right (access permission) of dest in 
the CSI instruction is also necessary for the read and 
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write operations. In other words, even if the compari- 
son operation is unsuccessfully terminated and data is 
not written to dest, unless there is write access permis- 
sion for dest, an address translation exception (ATRE) 
occurs. 

The size of RMC and EaMiR is assigned by RR. In 
the addressing mode assigned by EaMiR, the @-SP, 
@SP+, Rn and #imm_data modes cannot be used. 

If the size .H or .W is assigned in the CSI instruction 
and an unaligned address is assigned for the operand, 
while the bus is locked, multiple bus cycles are exe- 
cuted. In this case, the memory is accessed with two 
read operations and two write operations. Conse- 
quently, while the bus is locked during the entire in- 
struction, four memory access operations are performed 
in the order: read, read, write and write operations. 

In general instructions except CSI, if the memory is 
accessed to an address which is not aligned, the bus is 
not locked. 

Thus, for example, in the following instruction, 


var] EQU H’'00000006; Address is not aligned 


When the following instruction is executed by proces- 
sor A: 


MOV.W #H'12345678,@var) 


When the following instruction is executed by proces- 
sor B: 


MOV.W #H’87654321,@varl. 


Depending on the memory write timing, the following 
results are obtained. 


H’00000006-7 = H’8765 
H’00000008-9 = H’5678 


Thus, the result may differ from that where the MOV 
instruction of processor A is first executed and that 
where the MOV instruction of processor B is first exe- 
cuted. 

Since data of the variables common to multiple pro- 
cessors should be updated (read-modify-write) rather 
than only writing data, it is necessary to use the CSI 
instruction. However, if a variable which is not aligned 
is accessed from multiple processors with any instruc- 
tion other than CSI, note that a problem may occur. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When RR='‘ll’ 

When EaR is @-SP 

When EaMiR is Rn, #imm_—data, @SP+ or @-SP 

12-14 Control Space, Physical Space Operation In- 
structions 

In the data processor of the present invention, the 
control register group for the main processor can create 
one address space named control space as well as con- 
trol register group for a co-processor and high speed 
memory on the chip bus. This concept is effective when 
a co-processor and context-saving high speed memory 
(both of which are currently in different chips) will be 
combined in a main processor in near future. The con- 
trol register operation instructions serve to access the 
control space. 

Since the general purpose control space operation 
instructions such as LDC and STC are privileged in- 
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structions, when the user wants to operate PSB and 
PSM which are part of the control space, the LDPSB, 
STPSB, LDPSM and STPSM instruction should be 
used instead. 

Since the data processor of the present invention does 
not provide the address translation feature, the logical 
space address is always the same as the physical space 
address. Thus, the functions of the physical space opera- 
tion instructions are included in other instructions 
which operate the logical space. The data processor of 
the present invention which distinguishes between the 
logical space and physical space; the data processor of 
the present invention supports the physical space opera- 
tion instructions. 

MNEMONIC: 

LDC src,dest 
OPERATION: 

load control] space or register (privileged) 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 261: shown in FIG. 241. 

- STATUS FLAGS AFFECTED 262: shown in FIG. 
242. 

DESCRIPTION: 

Transfer the src value to dest in the control space. If 
the size of src is smaller than that of dest, the former is 
sign-extended. 

For dest/EaW%, the register direct mode Rn and 
@-SP cannot be specified. 

This instruction is a privileged instruction. If this 
instruction is not executed from ring 0, a privileged 
instruction violation exception (PIVE) occurs. 

The data processor of the present invention does not 
support the .B and .H access functions for the control 
space. In the control space, it only implerients the con- 
trol register in the CPU. Since Data Processor of the 
present invention does not provide UATB and SATB, 
UATE and SATB cannot be changed by LDC. 

In the operands of the LDATE, STATE, LDP, STP, 
LDC, STC and MOVPA instructions which reference 
the special space, if an indirect reference occurs by the 
additional mode, the logical space (LS) rather than the 
special space is referenced. On the other hand, if a stack 
pointer (SP) reference occurs, the current ring RNG 
rather than PRNG is referenced. The meaningful spe- 
cial space address is the only final effective address 
which is obtained. 

If the control space operand size .B and -H is assigned 
in a processor which does not provide the .B and .H 
access functions for the control space, a reserved in- 
struction exception (RIE) occurs. 

If a control register or an address where a control 
register is not provided is assigned by LDC, a reserved 
function exception (RFE) occurs. It is also applied to 
the area specified in << <LV>>. 

In a processor which has some restrictions for the 
address in the control space, if the restriction is violated, 
a reserved function exception (RFE) occurs. For exam- 
ple, there is a restriction as to when the address of the 
control register should be multiples of 4. In a processor 
which accommodates a high speed memory for saving a 
context, there is a case where only the address for the 
control register is restricted to multiples of 4 and the 
address for the high speed memory is not restricted. 
Even in this case, if the restriction is violated, a reserved 
function exception (RFE) occurs. In a processor which 
can assign .B and .H for part of the address, if the ad- 
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dress where .B and .H cannot be accessed is assigned, a 
reserved function exception (RFE) rather than a re- 
served instruction exception (RIE) occurs. This con- 
cept is such that if an error is determined only by the 
instruction bit pattern (including the assignment of size), 
a reserved instruction exception (RIE) occurs; if occur- 
rence of an error depends on the address and operand 
value, a reserved function exception (RFE) occurs. 

If the address of the control space is off-chip (such as 
the address of a co-processor) and the area cannot be 
accessed due to a restriction in the implementation, a 
reserved function exception (RFE) occurs. In LDC and 
STC, even if the address of the control space becomes 
an address of the co-processor, a co-processor instruc- 
tion exception (CIE) does not occur. A co-processor 
instruction exception (CIE) occurs only when an in- 
struction for the co-processor is executed. 

In LDC, if an illegal value is written to the reserved 
bits represented with ‘—’ and ‘+’ of the control register 
or if a reserved value is written to some field, a reserved 
function exception (RFE) occurs. If a reserved value 
such as ‘001’ is written to the SMRNG field of PSW, a 
reserved function exception (RFE) also occurs. On the 
other hand, if an illegal value is written to the reserved 
bits represented with ‘=' and ‘#’, it is ignored. How- 
ever, it is necessary to instruct the user that ‘=’ should 
be filled with zeroes. In addition, if any value is written 
to the bit represented with ‘*’, it is ignored. It is assured 
that this bit is not used even if the specification is ex- 
panded, unlike ‘=’ and ‘#’. Thus, it is not necessary to 
mask this bit to ‘0’ before executing the LDC instruc- 
tion. 

If CTXBB is changed by LDC, the content of 
CTXBB in the memory does not match the context in 
the chip. However, it should be arranged by the pro- 
grammer. From a hardware point of view, only 
CTXBB is changed. If CTXBB is changed and the 
context is loaded, it is possible to do using LDCTX. 
When UATB and SATB are changed with the LDC 
instruction, TLB and the logical cache (process equiva- 
lent to PSTLB/AT) are automatically purged. In a 
process which provides LSID, the logical space as- 
signed by the LSID control register is purged. In this 
case, the LDC instruction does not provide the /SS and 
/AS options used in the PSTLB instruction due to the 
following reasons. 

The TLB purge operation using the PITLB and 
PSTLB instructions, is not like LDC * and UATB, so 
that cache and TLB in another logical space can be 
purged, the parameters equivalent to the LSID function 
are assigned by a different register (R.1). In this case, the 
LSID control register is not used. Thus, it is necessary 
to switch the /SS and /AS options to distinguish 
whether the parameter is used or not. To prevent data 
inconsistency, in LDC * and UATB, the cache and 
TLB are purged from the space currently being used. 
Thus, the control register of LSID works as it is ex- 
pected. In other words, like a normal memory access 
operation, the logical space which is assigned by the 
LSID control register is purged. In a processor which 
does not accommodate LSID, the purge operation is 
performed in all the logical spaces (actually, one logical 


space). 

PROGRAM EXCEPTION: 
Reserved instruction exceptions 
When RR=‘11’ 

When WW is not ‘10° 
When EaR is @-SP 
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When EaW% is Rn, #imm_—data, @SP+ or @-SP 
Privileged instruction violation exception 
When the instruction is executed from a ring other 
than ring 0 


Reserved function exceptions 
When a control register which has not been accom- 
modated is accessed 
When a reserved value is written to a specific field of 
the control register (except =, #, and *) 
When the word alignment of the address of EaW% is 
not obtained 
MNEMONIC: 
STC src,dest 
OPERATION: 
store control space or register (privileged) 


OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 263: shown in FIG. 243. 

STATUS FLAGS AFFECTED 264: shown in FIG. 


244. 

DESCRIPTION: 

Transfer the src value in the control space to dest. 
Since the size of src and dest is specified by a common 
field, data is not transferred between different size oper- 
ands. 

This instruction is a privileged instruction. If this 
instruction is executed from a ring other than ring 0, a 
privileged instruction violation exception (PIVE) oc- 
curs. 

For src/EaR%, the register direct mode Rn, immedi- 
ate #imm_data and @SP+ cannot be specified. 

The data processor of the present invention does not 
support the .B and .H access functions for the control 
space. It only implements the control register in the 
CPU. 

In the operands of the LDATE, STATE, LDP, STP, 
LDC, STC and MOVPA instructions, which reference 
the special space, if a memory indirect reference occurs 
due to the additional mode, the logical space (LS) 
rather than the special space is referenced. On the other 
hand, if a stack pointer (SP) reference occurs, the cur- 
rent ring RNG stack rather than PRNG is referenced. 
The meaningful special space address is the only final 
effective address which is obtained. 

If the control space operand size .B and .H is assigned 
in a processor which does not provide the .B and .H 
access functions for the control space, a reserved in- 
struction exception (RIE) occurs. 

If a control register which is not provided or an ad- 
dress where a control register is not provided is as- 
signed by STC, a reserved function exception (RFE) 
occurs. It is also applied to the area specified in 
<<LV>>. 

In a processor which has some restrictions for the 
address in the control space, if the restriction is violated, 
a reserved function exception (RFE) occurs. For exam- 
ple, there is a restriction as to when the address of the 
control register should be multiples of 4. In a processor 
which accommodates a high speed memory for saving a 
context, there is a case where only the address for the 
control register is restricted to multiples of 4 and the 
address for the high speed memory is not restricted. 
Even in this case, if the restriction is violated, a reserved 
function exception (RFE) occurs. In a processor which 
can assign .B and .H for part of the address, if the ad- 
dress where .B and .H cannot be accessed is assigned, a 
reserved function exception (RFE) rather than a re- 
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served instruction exception (RIE) occurs. This con- 
cept is such that if an error is determined only by the 
instruction bit pattern (including the assignment of size), 
a reserved instruction exception (RIE) occurs; if occur- 
rence of an error depends on the address and operand 
value, a reserved function exception (RFE) occurs. 

If the address of the control space is off-chip (such as 
the address of a co-processor) and the area cannot be 
accessed due to a restriction in the implementation, a 
reserved function exception (RFE) occurs. In LDC and 
STC, even if the address of the control space becomes 
an address of the co-processor, a co-processor instruc- 
tion exception (CIE) does not occur. A co-processor 
instruction exception occurs only when an instruction 
intended for the co-processor is executed. 

In STC, if the bit of the register represented with ‘—’ 
is read, ‘0’ is read; if the bit represented with ‘+’ is read, 
‘)’ is read. If the bit represented with ‘=’, ‘#’ or ‘*’ is 
read, the value being read is unknown. It depends on the 
implementation. To allow for future expansion, it is 
necessary that the user not program using bit values 
represented with ‘=’, ‘#° and ‘*’. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When WW is not ‘10° 

When EaR% is Rn, #imm_data, @+ or @-SP 

When EaW is #imm_—data or @SP+ 

Privileged instruction violation exception 

When the instruction is executed from a ring other 

than the ring 0 

Reserved function exceptions 

When a control register which has not been accom- 

modated is accessed 

When the word alignment of the address of EaR% is 

not obtained 
MNEMONIC: 

LDPSB src 
OPERATION: 

load PSB 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 265: shown in FIG. 245. 

STATUS FLAGS AFFECTED 266: shown in FIG. 
246. 

DESCRIPTION: 

Transfer the content of src to PSB. 

Except when the save operation and restore opera- 
tion are performed (regardless of the meaning of each 
bit of PSB and PSM in a user’s call routine), in PSM and 
PSB, it is often necessary to rewrite only part of the 
fields. Therefore, the src operand of the LDPSB and 
LDPSM instructions is composed of 16 bits (EaRh) 
where the high order byte represents the masking (the 
bits to be changed are set to 0) and the low order byte 
represents the data being changed. 

LDPSB Operation 

Assuming P 

src=[S0.S1... 87.88.89... $15] 

the following result is obtained. 

(S0.S1 . . . S7}.and-PSB).or.( [S0.S1 
S7].and.[S8.S9 ... $15])==>PSB 

where‘ ° represents a negated bit. 

For example, the instruction which sets X__flag at the 
position 2 4 is as follows. 


LSPSB #H'ef10 
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In the high order byte, any bit equal to 0 is changed 
and any bit equal to I is not changed. When all eight bits 
are changed, set all of the high order byte to 0 and 
simply write byte data. As described earlier, all the 
eight bits should be changed to save and restore PSB 
and PSM. 

In LSPSB and LDPSM, if the value of a field not 
used in PSB and PSM is set to 1, a reserved function 
exception (RFE) occurs. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When EaRh is @-SP 
MNEMONIC: 

LDPSM src 
OPERATION: 

load PSM 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 267: shown in FIG. 247. 

STATUS FLAGS AFFECTED 268: shown in FIG. 
248. 
DESCRIPTION: 

Transfer the content of src to PSM. 

Except when the save operation and restore opera- 
tion are performed (regardless of the meaning of each 
bit of PSB and PSM in a user’s call routine), in PSM and 
PSB, it is often necessary to rewrite only part of the 
fields. Therefore, the src operand of the LDPSB and 
LDPSM instructions is composed of 16 bits (EaRh) 
where the high order byte represents the masking (the 
bits to be changed are set to 0) and the low order byte 
represents the data being changed. 

([LDPSM Operation] 

Assuming 

strc=[S0.S1 . . . 7.88.89... $15] 

the following result is obtained. 

qsosi .. S7].and.PSM).or.( }S0.S1 
S7].and.[S8.S9 .. . $15]}==>PSM 

where‘ ’ represents a negated bit. 

In LSPSB and LDPSM, if the value of a field which 
is not used in PSB and PSM is set to 1, a reserved func- 
tion exception (RFE) occurs. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When EaRh is @-SP 
MNEMONIC: 

STPSB dest 
OPERATION: 

store PSB 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 269: shown in FIG. 249. ‘ 

STATUS FLAGS AFFECTED 270: shown in FIG. 
250. 
DESCRIPTION: 

Transfer PSB to dest. The high order eight bits 
should always be 0. 

The dest is structured with 16 bits rather than 8 bits 
and the high order eight bits always return 0 so that 
PSM and PSB are returned directly in LSPSM and 
LDPSB. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When EaWh is #imm_—data or @SP+ 
MNEMONIC: 

STPSM dest 
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OPERATION: 

store PSM 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 271: shown in FIG. 251. 

STATUS FLAGS AFFECTED 272: shown in FIG. 
252. 

DESCRIPTION: 

Transfer PSM to dest. The high order eight bits 
should always be 0. 

The dest is structured with 16 bits rather than 8 bits 
and the high order eight bits always return 0 so that 
PSM and PSB are returned directly in LSPSM and 
LDPSB. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When EaWh is #imm—data or @SP+ 
MNEMONIC: 

LDP src,dest 
OPERATION: 

load physical space (privileged) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 273: shown in FIG. 253. 

STATUS FLAGS AFFECTED 274: shown in FIG. 


254. 
DESCRIPTION: 


Transfer the src value to dest in the control space. If 30 


the size of src is smaller than that of dest, the former is 
sign-extended. 

Since the data processor of the present invention does 
not provide the address translation feature, the logical 
space address is always the same as the physical space 
address. Thus, the function of the physical space opera- 
tion instruction is included in the MOV instruction. The 
data processor of the present invention distinguishes 
between the logical space and physical space: Data 
Processor of the present invention supports the physical 
space operation instruction. 

This instruction is a privileged instruction. 

For dest/EaW%, the register direct mode Rn and 
@-SP cannot be specified. 

In the operands of the LDATE, STATE, LDP, STP, 
LDC, STC and MOVPA instructions which reference 
the special space, if a memory indirect reference occurs 
by the additional mode, the logical space (LS) rather 
than the special space is referenced. On the other hand, 
if a stack pointer (SP) reference occurs, the current ring 
(RNG) stack rather than PRNG is referenced. The 
meaningful special space address is the only effective 
address which is finally obtained. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When SS=‘11’ 

When WW='11’ 

When EaR is @-SP F 

When EaW% is Rn, #imm_data, @SP+ or @-SP 

Privileged instruction violation exception 

When the instruction is executed from a ring other 

than ring 0. 
MNEMONIC: 

STC src,dest 
OPERATION: 

store physical space (privileged) 

OPTIONS: 

None 


35 


40 


50 


55 


65 


116 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 275: shown in FIG. 255. 

STATUS FLAGS AFFECTED 276: shown in FIG. 
256. 
DESCRIPTION: 

Transfer the src value to dest in the control space. 
Since the size of src and dest is commonly assigned in 
STP, data is not transferred between different size oper- 
ands. 

Since the data processor of the present invention does 
not provide the address translation feature, the logical 
space address is always the same as the physical space 
address. Thus, the function of the physical space opera- 
tion instruction is included in the MOV instruction. The 
data processor of the present invention distinguishes 
between the logical space and physical space: the data 
processor of the present invention supports the physical 
space operation instruction. 

This instruction is a privileged instruction. 

For src/EaR%, the register direct mode Rn, immedi- 
ate #imm—data, and @SP+ cannot be specified. 

In the operands of the LDATE, STATE, LDP, STP, 
LDC, STC and MOVPA instructions which reference 
the special space, if a memory indirect reference occurs 
due to the additional mode, the logical space (LS) 
rather than the special space is referenced. On the other 
hand, if a stack pointer (SP) reference occurs, the cur- 
rent ring (RNG) stack rather than PRNG is referenced. 
The meaningful special space address is the only effec- 
tive address which is finally obtained. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When WW =‘11’ 

When EaR% is Rn, #imm—data, @SP+ or @-SP 

When EaW is #imm_data or @SP+ 

Privileged instruction violation exception 

When the instruction is executed from a ring other 

than ring 0. 

12-15 OS-Support Instructions 
MNEMONIC: 

JRNG vector (the data processor of the present in- 

vention does not support it.) 
OPERATION: 

jump to new ring 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 277: shown in FIG. 257. 

STATUS FLAGS AFFECTED 278: shown in FIG. 
258. 

DESCRIPTION: 

This instruction performs the transition and jump 
operations between rings (an inter-ring call). This in- 
struction is used to call a program in a more inner level 
than the current ring (including a system call). 

To protect the inner ring from the outer ring, the 
destination to be jumped to using JRNG is limited to the 
specified address. The table containing this address is 
named the ring transition tale IRNGVT (JRNG vector 
table). In the JRNG instruction, the vector operand is 
an index for JRNGVT. One entry for JRNGVT is 
named JRNGVTE. 

IRNGVT is a table which has 65535 entries for vec- 
tor. The logical address of the base is represented by 
IRNGVB 279. The size of vector is composed of 16 
bits. JRNGVB is one of the control registers and is 
configured as shown in FIG. 259. 
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JRNGVB5 represents the logical start address of the 
vector table (IRNGVT) of the JRNG instruction. The 
lower three bits of the base address of the table are fixed 
at O for alignment. 

If E is 0, the execution of JRNG is inhibited. If FRNG 
is executed, a ring transition violation exception 
(RTVE) occurs. Since JRNGVB is meaningless, OS 
can freely employ such a field. 

The bits represented with ‘=’ should be filled with 
‘0’. However, even if these bits are not filled with ‘0’, it 
is ignored. 

JRNGVTE 280 is composed of 8 bytes in the config- 
uration: diagrammed in FIG. 260. It works as a gate for 
entering the inner ring. 

The AR function indicates from which ring a call can 
be issued between rings of the entry represented with 
the vector. If the current ring is located at a more outer 
position than the ring represented with AR, it is as- 
sumed that an inter-ring call (system call) is not permit- 
ted, resulting in a ring transition violation exception 
(RTVE). AR uses the field relating to the position of 
PRNG of PSW from the stand point that each entry of 
JRNGVT and EITVT, is basically a subset of 
PSW + PC. 

The VX function is enabled if the 32/64 bit mode 
differs between OS and the user program. 

In the fields not used in JRNGVTE (represented 
with ‘=’) the “VX’ bit should be filled with ‘0’. How- 
ever, even if they are filled with ‘1’, they are ignored. It 
is not a reserved function exception (RFE). 

The VPC field of IRNGVTE should be an even 
number. In other words, LSB of the VPC field should 
be ‘0’. When JRNG is executed, an odd address jump 
exception (OAJE) occurs if it is violated. 

When MSB=0 in JRNGVB, the address is changed 
using UATB; when MSB=1, the address is changed 
using SATB. JRNGVB uses a logical address for the 
following reasons. 

(1) The table can be provided every context. 

(2) A virtual table can be used. In other words, the table 
can be free from paging. 

(3) The difference between JRNGVB and TRAPA, is 
that EIT can be clarified. 

By considering JRNGVB as a logical address, a vir- 
tual table can be created. The data processor of the 
present invention uses mostly 16 bits of vector (65536 
entries, 512KB table). It does not provide a register 
which assigns the upper limit of the vector. However, 
since JRNGVB uses a logical address, it can be used 
together with the MMU function, so that it is not al- 
ways necessary to use the physical memory for the 
table. If STE and PTE of IRNGVT are set to areas not 
used, it is not necessary to prepare all the table for 16 
bits = 65536 entries with the physical memory. 

JIRNGVTE is read in the same manner as the general 
memory access operation with a logical address. There- 
fore, IRNGVTE is read by the ring access permission 
of the program which executes JRNG. If there is per- 
mission whereby JRNGVTE of the assigned vector can 
be read from the ring which executes JRNG, a ring 
protection violation error, ATRE, occurs. On the other 
hand, if IRNGVTE of the vector being assigned is an 
area not used, a not-used area reference error of an 
address translation exception (ATRE) occurs. Al- 
though the user would prefer that it be treated in the 
same manner as a ring transition violation exception 
(RTVE), the specification above is used due to restric- 
tions in the implementation. When JRNCVTE is read, a 
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page out exception (POE) or bus access exception 
(BAE) may occur. 

With the JRNG function, 512KB of the logical space 
is always required for JRNGVT. To prevent an illegal 
call between rings, OS should set STE and PTE in the 
JRNGVT area before executing the user program. 
When the call function between rings is not used, the 
entire ring call function can be disabled so that such a 
process is not required. To assign this function, the E bit 
at the LSB of JRNGBV is used. If the E bit of 
JRNGVB is 0, the ring call function cannot be used. 
When JRNG is executed, a ring transition violation 
exception (RTVE) unconditionally occurs. 

To satisfy JRNG, the following conditions should be 
met. 


E of JRNGVB=1 - 


If E=0, it means that JRNGVT is not provided, so that 
a ring transition violation exception (RTVE) occurs. 

JRNGVTE for the vector being assigned can be read 
from a ring before JRNG is executed. If a page out 
exception (POE) occurs, after a page-in operation, the 
instruction is reexecuted. If a not-used area reference 
error of an address translation exception (ATRE) oc- 
curs, it means that the related table is not provided, so 
that an error is returned to the user program. 

If there is no read access permission, it means that due 
to data protection, the execution of JRNG is inhibited, 
so that an error is returned to the user program. It has 
the same meaning as the VA field, but it is assigned 
every 512 vectors. 

If the current ring2= VR 

Contro] does not enter an outer ring. If it is violated, 
a ring transition exception (RTVE) occurs. 

If the current ring=AR 

Whether the ring can be accepted or not is checked. 
If it is violated, a ring transition violation exception 
(RTVE) occurs. AR represents the AR field of 
JRNGVTE. 

JRNG Operation ‘ 

If IRNGVB E bit=0 then ring transition violation 
exception (RTVE) occurs. 

VR, AR and VPC are fetched from the logical ad- 
dress mem[vector x 8+ IRNGVB] 

If old RNG>AR .or. old RNG < VR then ring tran- 
sition violation exception (RTVE) occurs. 

Old SP==>TOS | (Use a new stack represented 
with VR) 

Old PC==>TOS | 

As old PC, the start address following the JRNG 
instruction is pushed to the stack like the JSR instruc- 
tion. 

Old PSW .and. B’01110000_00000000_.111111- 
11_11111111==>TOS | 

In the old PSW, the fields which are meaningful in 
RRNG, namely, only the RNG, XA, and PSH fields are 
pushed directly to the stack and other fields such as SM, 
AT, and IMASK are masked to 0 and then pushed to 
the stack, so that the program in an outer ring cannot 
read information which should be known only to OS 
(such as IMASK). 3 


Old RNG= = >New PRNG 
VR== >New PRNG 


VPC= = > New PC 
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The stack frame 281 formed by the JRNG instruction 
is as shown in FIG. 261. 

SP of the old ring is placed at the stack of the new 
ring to access the stack pointer SP and stack of the old 
ring from the new ring. Although the stack can be ac- 
cessed as the control register every ring, it is necessary 
to use a privileged instruction (STC). Thus, to observe 
a parameter placed at the ring 3 stack from ring 1, this 
function is required. 

In JRNG, only part of PSS and PRNG of PSM 
rather than PSB are updated. In addition, unlike EIT, 
the inter-ring call function provides only one stack 
format, so FORMAT (EITINF) is not placed at the 
stack. 

In JRNG:E, vector is zero-extended. 

If AT=00 (no address translation), JRNGVB repre- 
sents a physical address. 

After JRNG is executed, if an instruction reexecu- 
tion-type EIT, such as a ring transition violation excep- 
tion (RTVE) occurs, the stack frame for an inter-ring 
call that JRNG originally provides is not formed. Only 
the stack frame for the EIT process is formed. For 
example, if JRNG is executed when SMRNG =000 to 
jump to RNG=00 and an EIT occurs, the stack frame 
282 as shown in FIG. 262, not the stack frame 283 of 
FIG. 263 is formed. 

The specification as shown in FIG. 262 is used so that 
the instruction can be reexecuted after an EIT occurs. 
In other words, before entering the EIT process han- 
dler, the status of the processor is restored to the status 
before the instruction is executed. If the stack used by 
EIT differs from that of JRNG, only the stack used by 
EIT is changed; the stack SP used by JRNG is not 
changed. 

In JRNG, it is possible to jump to the same ring as the 
current ring. In this case, the stack is not switched by 
IRNG. The value to be pushed to the stack as SP is the 
value of SP before the instruction is executed 284. It 
works in the same manner as if PUSH SP is executed at 
the beginning of the JRNG instruction, as shown in 
FIG. 264. 

When jumping to the same ring as the current ring 
using JRNG, if the vector operand of JRNG:G is in the 
memory and it overlaps with the stack frame area 
which is formed by the execution of the JRNG instruc- 
tion, it is very difficult to reexecute the instruction. 
Therefore, in the JRNG:G instruction, all the address 
modes which require access to the memory, everything 
except the register direct Rn and immediate modes are 
inhibited. If a dynamic value is set as the operand of the 
instruction, it is necessary to prepare one temporary 
register and to use the register direct Rn mode. 

The inter-ring call function is not included in EIT. 

Both TRAPA and JRNG serve to evoke an OS sys- 
tem call. Generally, the OS which has many system 
calls and uses multiple rings, like BTRON, often em- 
ploys JRNG, while that which does not have many 
system calls and uses not fnore than two rings, like 
ITRON, employs TRAPA. 

In TRAPA, control does not enter ring 1 and ring 2. 
Therefore, if the outer core is placed at ring 1 in 
BTRON, it is necessary to use JRNG. 

If the user extends OS for BTRON, it may be neces- 
sary to use an outgoing ring call. However, the outgo- 
ing ring call is not supported in the instruction set level. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 
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When P=‘)’ 

When EaRh!M is not Rn or #imm_—data 

<<L1> > function exception 

When a bit pattern of JRNG is decoded 
MNEMONIC: 

RRNG (the data processor of the present invention 

does not support it.) 

OPERATION: 

return from previous ring 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 285: shown in FIG. 265. 

STATUS FLAGS AFFECTED 286: shown in FIG. 
266. 

DESCRIPTION: 

Return for an inter-ring call. 





(RRNG Operation} 
t TOS — temp! 
t TOS — temp2 
} TOS — SP of temp] <RNG> 
if RNG > temp] <RNG> then ring transition violation execep- 
tion 
(RTVE) occurs 
- temp! <RNG> represents the portion equivalent 
to the RNG field when considering temp! as PSW. 
- If this check is not conducted, with the RRNG 
instruction, control illegally enters an inner 


ring. 
if SM = 0 .and. temp] <RNG> + 00 then reserved function 
exception (RFE) occurs. 
temp! <PSH> — PSH (Including PRNG) 
tempi <RNG> — RNG 
temp]<XA> —+ XA 
temp2 — PC 


When the RRNG instruction is executed, since an 
EIT may occur in DCE, it is necessary to check for it. 
For detail, see Appendix 9. 

The hold PRNG stack pointer is popped from the 
RNG stack and it is set as the PRNG stack pointer so 
that OS may update the user stack pointer because a 
parameter of the system call placed in the PRNG stack 
is popped. 

With PRMG, if control tries to enter an inner ring, a 
ring transition violation exception (RTVE) occurs. If 
PC popped from the stack is an odd number, an odd 
address jump exception (OAJE) occurs. 

If SM of the current PSW is 0 and RNG in the stack 
which is popped with the RRNG instruction (temp! 
<RNG> in the operation above) is not 0, a combina- 
tion of SM and RNG in PSW becomes a reserved pat- 
tern. A reserved function exception (RFE) occurs. 

In the RRNG instruction, if a ring transition violation 
exception (RTVE) or a reserved function exception 
(RFE) occurs, each of which is an instruction reexecu- 
tion type exception, the stack frame for inter-ring call 
remains. Therefore, if the same stack is used for EIT 
and inter-ring call, the EIT stack frame is added to the 
inter-ring call stack frame. If the stack for EIT differs 
from that for the inter-ring call, the contents of the stack 
and stack pointer for the inter-ring call are not changed, 
similar to a DCE caused by RRNG. In DCE, after the 
stack frame for the previous inter-ring is called, a new 
stack frame for DCE is formed. 
<<Example of a stack 287 when an RFE occurs, if 

EIT uses the same stack> >: diagrammed in FIG. 

267. 
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On the other hand, OAJE will be an instruction com- 
pletion type EIT. In this case, like a DCE, after the 
stack frame for an inter-ring call is cleared, the stack 
frame for an EIT if formed. If an OAJE occurs with the 
RRNG instruction, the stack works as follows. 
<<Example of stack when an OAJE occurs, if the 

same stack is used for an EIT> > 

(Before executing RRNG 288): Shown in FIG. 268. 

(After RRNG is executed and an OAJE occurs 289): 
shown in FIG. 269. 

The fields other than PSH, RNG, and XA of PSW 
being popped from the stack with the RRNG instruc- 
tion (temp! above) are ignored. Between the JRNG 
instruction and the RRNG instruction in the program, 
except for the fields PSH, RNG and XA, the stack 
should not be rewritten. 

When control comes back to the same ring with the 
RRNG instruction (32 bits), the final value of SP be- 
comes as follows. 


mem[initSP + 8]= = >SP (‘+8’ is for PC and PSW) 


The above instruction works as POP SP after the PC 
and PSW processes are executed. 


15 


20 


The E bit of JRNGVB is evaluated irrespective of 25 


the operation of the RRNG instruction. Even if the E 
bit is 0, the RRNG instruction is executed. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When P=‘I’ 

<<Ll>> function exception 

When a bit pattern of RRNG is decoded 
MNEMONIC: 

RAPA vector 
OPERATION: 

TRAP always 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 290: shown in FIG. 270. 

STATUS FLAGS AFFECTED 291: shown in FIG. 
271. 

DESCRIPTION: 

Generate an internal interrupt (trap). 

This instruction is used to evoke OS from a user 
process. Since an EIT occurs with the TRAPA instruc- 
tion, control always enters ring 0. 

In TRAP and TRAPA, like other EIT processes, 
part of PSS and PRNG and PSM are updated. The 
fields, except PRNG of PSM (including PSB) are not 
updated. : 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When P=‘!’ 

Unconditional trap instruction 
MNEMONIC: 

TRAP 
OPERATION: 

TRAP conditionally 
OPTIONS: 

/various conditional specifications (cccc) 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 292: shown in FIG. 272. 

STATUS FLAGS AFFECTED 293: shown in FIG. 
273. 

DESCRIPTION: 

If the conditions being specified are met, an internal 
interrupt (trap) occurs. 
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Since an EIT occurs with the TRAP instruction, 
control always enters ring 0. The conditional specifica- 
tions are the same as those of the Bcc instruction. 

In TRAP and TRAPA, like other EIT processes, 
only part of PSS and PRNG and PSM are updated. The 
fields other than PRNG of PSM (including PSB) are 
not updated. 

If a condition which has not been defined in TRAP is 
specified, a reserved instruction exception (RIE) oc- 
curs. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When P=‘!’ 

When cece =‘1110,1111" 

Conditional trap instruction 
MNEMONIC: 

REIT 
OPERATION: 

return from EIT (privileged) 
OPTIONS: 

None 

_INSTRUCTION FORMAT AND ASSEMBLER 

SYNTAX 294: shown in FIG. 274. 

STATUS FLAGS AFFECTED 295: shown in FIG. 
275. 

DESCRIPTION: 

In the data processor of the preserit invention, excep- 
tion, external interrupt and internal interrupt are gener- 
ally named EJT (Exception, Interrupt, Trap). The 
REIT instruction is used to return from EIT, namely, 
return from OS and from an interrupt process. 

This instruction is a privileged instruction. 





[REIT Operation] 

1 TOS — PSwW; 

t TOS ~ FORMAT/VECTOR; 
+ TOS — PC; 


Depending on the EIT type, additional information 
may be placed on the stack. It is popped to restore the 
state before an EIT occurs. Whether there is additional 
information of not is determined by FORMAT/VEC- 
TOR (EITINF). When the REIT instruction is exe- 
cuted, an EIT of DI and DCE may occur and it should 
be checked. For details, see Appendix 9. 

If a stack format which has not been supported as 
FORMAT/VECTOR, a reserved stack format excep- 
tion (RSFE) occurs. A stack frame whose format is 
illegal remains because there is no way to determine 
whether there is additional information or not. It is 
added to the stack frame and the stack frame for RSFE 
is formed, unlike DI and DCE, since it is started in 
REIT. In DI and DCE, the stack frame of the previous 
EIT is cleared and the new stack frame for DI and DCE 
is formed. 
<<RSFE process—If the same stack 296 is used for 

RSFE> >: diagrammed in FIG. 276. 

In the REIT instruction, if PC which is popped from 
the stack is an odd number, an odd address jump excep- 
tion (OAJE) occurs. On the other hand, if the reserved 
bit (‘—’) in PSW (including the XA bit) is changed to ‘I’ 
or if the reserved value is rewritten as SMRNG, a re- 
served function exception (RFE) occurs. 

Whether the SM bit is changed or not is not checked. 
As long as the REIT instruction is used to exit from 
EIT, SM is not changed from 1 to 0. However, it is 
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considered in operation and in the REIT instruction SM 
is not checked to see whether it changed from 1 to 0. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When P=‘1’ 

Privileged instruction violation exception 

When the instruction is executed from a ring other 

than ring 0. 

Reserved stack format exception 

If a stack format which has not been supported is 

specified when control exits from an EIT 

Odd address jump exception 

When the PC being popped from the stack is an odd 

number 

Reserved functional exception 

The value of reserved is written to PSW by another 

PSW which is popped from the stack 
MNEMONIC: 

WAIT imask 
OPERATION: 

set IMASK and wait (privileged) 

OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 297: shown in FIG. 277. 

STATUS FLAGS AFFECTED 298: shown in FIG. 
278. 
DESCRIPTION: 

Set the IMASK field of PSW, stop executing the 
program and restore the execution by an external inter- 
rupt or reset. 

This instruction is a privileged instruction. Imask is 
interpreted as an unsigned number. If imask 2 16, a re- 
served function exception (RFE) occurs. 

If an external interrupt occurs, there is information 
which cannot ve settled until an interrupt occurs (stack 
selection of SPI/SPO and vector No.). Thus, the infor- 
mation is saved to the stack after an external interrupt 
occurs in the WAIT instruction. 


[WAIT Operation} 
imask ——>> IMASK 
wait for interrupt 


<—<—— External interrupt 


save PC, FORMAT/VECTOR, PSW 
external 
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INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 299: shown in FIG. 279. 

STATUS FLAGS AFFECTED 300: shown in FIG. 
280. 

DESCRIPTION: 

Load the effective address represented with ctxaddr 
to the CTXBB register and load the contents of the 
context block (CTXB) of a task and process to proces- 
sor registers. Although the register where the effective 
address is loaded depends on whether MMU is used or 
not and on the content of CTXBFM, they include SPO 
to SP3, UATB, and CSW. For details of the registers 
where the effective address is transferred, see Appendix 


When the /LS option is specified, ctxaddr represents 
an address in the logical space. In this case, CTXB is 
placed in the logical space. On the other hand, if the 
/CS option is specified, ctxaddr represents an address in 
the control space. These options will be used when a 
context saving high speed memory is accommodated in 
the chip. Currently, it is specified in <<L2> >. These 
options are provided to bring flexibility to a space 
where CTXB is placed to perform the highest context 
switching in accordance with the implementation of the 
chip and chip bus. 

The data processor of the present invention does not 
support the /CS option. 

In a processor which accommodates a standard the 
data processor of the present invention MMU, UATB is 
changed with the LDCTX instruction. As UATB is 
changed in a processor which does not accommodate 
LSID, TLB and cache (equivalent to PSTLB/AT) are 
automatically purged. In the LDCTX instruction, since 
the logical space is switched, ctxaddr should point at 
SR to allow LDCTX/LS to properly work. The result 
of the operation is not assured with LDCTX/LS if 
ctxaddr points at UR. (SR: shared region, UR: unshared 
region) ; 

In the LDCTX and STCTX instructions of the data 


PC which is the same 


interrupt,EIT represents the 


set newPC, new PSW 
instruction. 


PROGRAM EXCEPTION: 
Reserved instruction exceptions 
When — =‘l’ 
Privileged instruction violation exception 
When the instruction is executed from ring 0 
MNEMONIC: 
LDCTX ctxaddr 
OPERATION: 
load context from CTXB (privileged) 
OPTIONS: 
/LS Load CTXB from the logical space. 
/CS Load CTXB from the control space 
<<L2>>. (Data processor the of the present 
invention does not support this option.) 
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next address of the WAIT 


processor of the present invention, data is not trans- 
ferred to the general purpose registers RO to R14 due 
for the following reasons. 

For the general purpose registers, data can be trans- 
ferred with the LDM and STM instructions. These 
instructions allow a register to be specified. In the real 
context switching process, working registers are re- 
quired beside the registers where data is changed. 
Therefore, it may be necessary not to transfer data to 
some of the registers. Consequently, it is preferable to 
use more general purpose instructions such as LDM and 
STM. 

Since it is currently technically difficult to accommo- 
date a context saving memory in the chip, an external 
memory should be used to save a context. Even if data 
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is transferred to the general purpose registers with 
LDCTX, its speed is nearly the same as that using a 
different instruction (LDM). 

When all CTXB is accommodated in the chip to 
speed up the process, it is necessary to expand the speci- 
fication by using the reserved option of LDCTX and 
the CTXBFM function. 

In the LDCTX and STCTX instructions, data is not 
transferred to PC and PSW for the following reasons. 

Generally, PC and PSW of a user program, rather 
than OS, should be switched by the context switch. 
However, PC and PSW of a user program are saved in 
the stack when evoking OS. Therefore, when using the 
stack of SPO to save PC and PSW, PC and PSW are also 
indirectly switched by switching SPO with the context 
switch. By using this feature and realizing PC and PSW 
are placed in the portion (stack) indirectly referenced 
from SPO, it is not necessary to perform the PC and 
PSW operations (copy between the stack and CTXB) 
with the context switch instruction. 

If the context is switched in the last portion of the 
process handler of an external interrupt using SPI, it is 
necessary to transfer PC and PSW between the SPI 
stack and CTXB. However, when the context switch- 
ing is deleted during an external interrupt and the con- 
text switching is performed with DCE and DI when 
exiting from the external interrupt, SPO specified with 
DCE and DI allows the data structure above to natu- 
tally be formed. 

This instruction is a privileged instruction. 

When ‘1’ is loaded from CTXB for the reserved bit 
(represented with ‘—’) of PSW being set by LDCTX, a 
reserved function exception (RFE) occurs. When ‘1’ is 
loaded from CTXB for the reserved bit (represented 
with ‘=’), it is ignored acting as if like the control regis- 
ter is set with LDC. 

In the chip specified in < <LI> >, even if AT=00 
(no address translation), UATB is transferred, because it 
is assumed that the address translation is temporarily 
suspended in OS. However, if AT=00, even if /LS is 
specified, ctxaddr is treated as a physical address. To 
specify that UATB not be transferred with LDCTX, it 
is necessary to use CTXBFM. 

In the current specification of LDCTX, data is not 
transferred to the general purpose registers. However, 
if the specification is expanded or if a context saving 
memory is accommodated on the chip in future, the 
contents of the multiple genera! purpose registers will 
be loaded with the LDCTX instruction. If the addi- 
tional mode is allowed in ctxaddt/EaAlA, like LDM, it 
is difficult to reexecute the instruction which has been 
suspended. Therefore, in ctxaddr/EaA!A of LDCTX, 
the additional mode is inhibited. If the additional mode 
function is required, with the following instructions 
(including MOVA) the same effect can be obtained. 


MOVA @(@(@( . . . ))):A,RO 


LDCTX @RO 


PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When xx='01’ to ‘17’ 

When EaA!A is Rn, #imm_data, @SP+, @-SP, or 
additional mode 

Privileged instruction violation exception 

When the instruction is executed from a ring other 
than ring 0. 
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Reserved function exception 

When the reserved value is written to PSW 
MNEMONIC: 

STCTX 
OPERATION: 

store context to CTXB 
OPTIONS: 

/LS Store CTXB in the logical space. 

/CS Store CTXB in the control space <<L2>>. 
(the data processor of the present invention does 
not support this option.) 

INSTRUCTION FORMAT AND ASSEMBLER 

SYNTAX 301: shown in FIG. 281. 

STATUS FLAGS AFFECTED N02: shown in FIG. 
282. 

DESCRIPTION: 

Save the contents of the current context in the pro- 
cessor to the area (CTXB) represented by the CTXBB 
register. The registers where the contents are saved 
depend on whether MMU is used or not and on the 
contents of CITXBFM. They include SPO to SP3, 
UATB and CSW. For details on the registers where 
data is transferred with STCTX, see Appendix 8. 

Like LDCTX, the general purpose registers, PC and 
PSW are not transferred in STCTX. 

The space that CTXBB points at is specified by the 
/LS and /CS options. However, the /CS option only 
works when the content saving memory is located on 
the chip. It is specified in <<L2>>. 

The data processor of the present invention does not 
support the /CS option. 

In a processor which accommodates a standard the 
data processor of the present invention MMU, UATB is 
saved with the STCTX instruction. CTXBB should 
point at SR to allow STCTX/LS to properly work. I is 
not checked to determine whether CTXBB points at SR 
or UR. 

This instruction is a privileged instruction. 

For the bits represented with ‘—’ and ‘+’ in the re- 
served bits of the control register saved to CTXB with 
STCTX, ‘0’ and ‘1’ are set to CTXB. For the bits repre- 
sented with ‘=’, ‘#’ and ‘*’, a value being set to CTXB 
is meaningless and depends on the implementation like 
the STC instruction. 

In a chip specified with << <L1> >, UATB is trans- 
ferred because the address translation is temporarily 
suspended only in OS even if AT =00 (no address trans- 
lation). However, if AT=00, CTXBB is treated as a 
physical address even if /LS is specified. To specify that 
UATB not be transferred with STCTX, it is necessary 
to use CTXBFM. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When xx=not ‘00’ 

When P=‘11' 

Privileged instruction violation exception 

When the instruction is executed from a ring other 
than ring 0. 

12-16 MMR Support Instructions 

MNEMONIC: 

ACS chkaddr 
OPERATION: 

test access rights 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 303: shown in FIG. 283. 
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STATUS FLAGS AFFECTED 304: shown in FIG. 
284 


DESCRIPTION: 

Check for ATE of the page containing the address 
specified by chkaddr and check that chkaddr can be 
accessed by PRNG. The flags are set depending on the 
result being checked. 


(ATE: Address Translation Table Entry) 
Read enable — M_flag 
Write enable — Z_flag 
Execute enable — L_flag 


This instruction is not a privileged instruction, so it is 
available to the user. For example, it is possible to check 
the access right (permission) for PRNG=ring3 from 
ring 3. Therefore, information managed by OS such as 
page-out is not displayed if possible. If a page-out oc- 
curs on the section table and page table which are nec- 
essary to execute ACS, like regular instructions, the 
instruction is reexecuted as a page out exception (POE). 
In addition, while referencing the ATE with the ACS 
instruction, an address translation exception (ATRE) or 
bus access exception (BAE) may occur. 

The size of the operand to be tested with the ACS 
instruction is a byte. In other words, it is the one byte of 
the address represented with EaA which can be ac- 
cessed from PRNG. When checking area which is over 
multiple bytes, it should be handled with software. 

In ACS, when checking the access permission for a 
process request from the preceding ring, PRNG can be 
used. However, if a process is called from ring3 to ring2 
and ring] is evoked from ring2, it may be necessary to 
check the access permission from ring3 at ring]. When 
PRNG is at ring 2, the ACS instruction cannot be used. 
After PRNG is rewritten for ring3, ACS shuuld be 
executed. 

To fulfill such a requirement, PRNG is placed at a 
PSM the user can operate. PRNG is a field which is 
used as a parameter for the ACS instruction. However, 
the protection information of ring0 is viewed from ring 
3. To prevent the protection information from being 
viewed, if PRNG<RNG, set the flags as follows. 


L_flag =M_flag = Z_flag=0 


In ACS, if chkaddr is in an area not used (out of the 
page range), the instruction is normally terminated as 
no access permission with M_flag=0, Z_flag=0 and 
L_flag=0 as Read disabled, Write disabled and Exe- 
cute disabled. An EIT does not occur. 

Since the ring protection is not checked if AT=00 
(no address translation), it is assumed that there are 
access permissions for al] addresses. Actually, when a 
bus access exception (BAE) occurs, there are areas 
which cannot be accessed. However, they are not 
checked. Since the level of the access error caused by 
the system bus differs from that caused by the memory 
protection, only the latter access error is checked in 
ACS. Therefore, if AT =00, after chkaddr is obtained, 
no exception occurs and the instruction is terminated as 
L_flag=M._flag=2Z_flag=1 (presence of access per- 
mission). 

The ACS instruction can be used when the ring pro- 
tection level check should be completely emulated in an 
instruction emulation program. Since the emulation 
program is normally placed at ring 0, it is normally 
executed in a different ring from the instruction being 
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emulated. In other words, for the ring protection level, 
the environment of the program to be emulated differs 
from that of the emulation program. Therefore, the ring 
protection check can be correctly emulated by check- 
ing whether the operand can be accessed from the same 
ring (PRNG) as the instruction being emulated before 
accessing the operand of an instruction to be emulated. 

In calculating the effective address of chkaddr of 

ACS, if the stack pointer SP is referenced, the stack of 
the current ring RNG rather than PRNG is referenced. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When EaA is Rn, #imm—data, @SP+ or @-SP 

MNEMONIC: 

MOVPA srcaddr, dest (the data processor of the 
present invention does not support this instruc- 
tion.) 

OPERATION: 

move physical address (privileged) 
OPTIONS: 

None 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 305: shown in FIG. 285. 

STATUS FLAGS AFFECTED 306: shown in FIG. 


286. 

DESCRIPTION: 

Calculate the effective address (logical address) of 
the operand being specified by srcaddr, convert it into 
the physical address, and then transfer it to dest. The 
address translation method of the effective address is 
such that the R1 register rather than the UATB register 
is used for the base address of the address translation 
table unlike the regular instructions. It allows a space, 
except the logical space, where the current program 
runs to be operated from OS. 

This instruction uses fixed number registers to specify 
spaced like high level instructions. Because this instruc- 
tion is not directly used in a high level language, more 
symmetry for the instruction is not required, and there 
is a restriction for bit assignment. 

In the MOVPA instruction, if a page out exception or 
address translation exception occurs after srcaddr is 
obtained until it is translated into the physical address, 
such an error affects the flags, but an EIT does not 
occur. The error occurs if 1) a page-out occurs on the 
section table and page table which are used for address 
translation of srcaddr, 2) a page-out occurs on the last 
page (not the page table), or 3) there is an error in the 
entry (ATE) format of the translation table (reserved 
ATE error). Dest is not changed, V_filag is set, and the 
instruction is terminated. An occurrence of a page fault 
is indicated by F__flag. If the instruction is terminated 
without an error and page fault, V_flag is cleared. 
Since this instruction is basically considered to be an 
address operation, other flags are not changed. 

The flag changes 307 of the MOVPA instruction are 
summarized as FIG. 287. 

If V_flag=0 and F_flag=1 occur in STATE, a 
page out in the next level is included in the page out 
where V_flag=1 and F_flag=1 in MOVPA. Thus, 
the flag change pattern of STATE differs from that of 
MOVPA. 

If a page fault occurs to obtain an effective address 
such as srcaddr and dest, like regular instructions, a 
page out execution (POE) occurs. 

This instruction is a privileged instruction. 
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For dest/EaW!S, the @-SP mode is inhibited. If 
@-SP is specified to dest while V_flag is set due to an 
error and page out and the content of dest cannot be 
transferred, the operation of the instruction cannot be 
distinguished. 


In the operands of the LDATE, STATE, LDP, STP, - 


LDC, STC and MOVPA instructions which reference 
the special space, if a memory indirect reference occurs 
in the additional mode, the logical space (LS) rather 
than the special space is referenced. On the other hand, 
if a stack pointer (SP) reference occurs, the current ring 
RNG stack rather than PRNG is referenced. The mean- 
ingful special space address is the only effective address 
which is finally obtained. 

In the MOVPA, LDATE and STATE instructions 
308, if MSB of the related address is 1 (if SR is repre- 
sented), the address translation is conducted using 
STAB rather than R1, as summarized as in FIG. 288. 

In MOVPA, LDATE and STATE, the base register 
for the address translation operation is assigned by R1 
rather than UATB. Even if the R1 bit corresponding to 
the reserved portion of UATB (the bits of 2. 4 and 
2 5 represented by ‘=’) is not ‘1’, it is not checked. 
Even if it is not checked, the bits of 2 4 and 2 5 
should be filled with ‘0’. 

After the effective address of srcaddr is obtained, the 
address translation is conducted using R!. The opera- 
tion for obtaining the physical address does not affect 
the AT bit. 

In short, even if AT=00, the address translation for 
srcaddr is conducted to obtain the physical address the 
same as when AT=0O1. As a pre-operation for the ad- 
dress translation operation, it is assumed that this in- 
struction is used. The effective address calculation for 
srcaddr and dest (such as an indirect reference) and data 
write operation to dest are sent to the physical address 
when AT=00. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When + ='‘0’ 

When W=‘I’ 

When EaA is Rn, #imm—data, @SP+ or @-SP 

When EaWIS is #imm—data, @SP+ or @-SP 

<<Li>> function exception 

When a bit pattern of MOVPA is decoded 
MNEMONIC: 

LDATE src,destaddr (the data processor of the pres- 

ent invention does not support this instruction.) 
OPERATION: 

load address translation table entry (privileged) 

load ATE (PTE,STE) 
OPTIONS: 

/AS Purge TLB in all the logical spaces. 

/SS Purge TLB in the logical space containing LSID 

specified by RO. << <L2>> 

/PT PTE (Page Table Entry) operation 

/ST STE (Section Table Entry) operation 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 309: shown in FIG. 289. 

STATUS FLAGS AFFECTED 310: shown in FIG. 


90. 

DESCRIPTION: . 

Calculate the effective address (logical address) of 
the operand specified by destaddr and transfer data 
obtained by src to the address translation table entry 
used for the physical address translation operation. The 
address translation method for destaddr is such that the 
R1 register rather than the UATB register is used as the 
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base address (physical address) of the address transla- 
tion table unlike regular instructions, so that a space 
other than a logical space where a program is currently 
executed can be operated through OS. If MSB is de- 
staddr is 1 (SR: Shared region), the address translation 
is conducted using SATB rather than R1. 

With the /PT and /ST options, R1 represents the 
base address of the section table. 

Consequently, two levels of indirect reference occur 
with /PT, while one level of indirect reference occurs 
with /ST. 

If the ATE set operation is conducted normally, TLB 
and logical cache, which are affected by changing the 
ATE value, are automatically purged. 

If TLB’s for multiple contexts (processes and tasks) 
exist, LSID is used to distinguish them. If TLB can 
distinguish multiple logical spaces, with the /SS option 
being specified, only TLB’s where LSID is matched to 
RO can be purged. Although LSID for the logical space 
which is currently in use is placed in the LSID control 
register, it is not affected by the execution of the 
LDATE instruction. Since the memory management 
and TLB configuration strongly depend on the imple- 
mentation, when this instruction is accommodated, it is 
not always necessary to implement the /SS option. The 
LSID function is not always required. The /SS option 
provids a processor with LSID that is compatible with 
others without it. For detail, see the description of 
PSTLB. 

In this instruction, the fixed number registers are used 
to assign spaces like high level functional instructions. 
Instructions are thus not required to be symmetrical 
because they are not directly used in a high level lan- 
guage and because a restriction exists due to the bit 
assignment. In this instruction F_flag and V_flag are 
used to distinguish between various cases such as error 
of the ATE and page out. The instruction works as 
follows: 

1. If a format error (reserved ATE error) occurs in 
ATE in a higher level than that to be operated on the 
section and page tables used for the address translation 
of destaddr, the ATE set operation is not conducted and 
the instruction is terminated with V_flag=1 and F__ 
flag =0 since ATE to be operated cannot be obtained. 

2. If a page-out occurs on the table containing ATE in 
the level to be operated or in a higher level than that on 
the section and page tables used for the address transla- 
tion of destaddr, the ATE set operation is not also con- 
ducted and the instruction is terminated with V— 
flag=1 and F_flag=1 since ATE to be operated can- 
not be obtained. In addition, if both a reserved ATE 
error and next level page-out occur at ATE in the mid- 
dle level, a reserved ATE error has a higher priority 
than the next level page out and the flag status becomes 
V_flag=1 and F_flag=0. 

3. Otherwise 

Otherwise, data in src is set to ATE and V_flag is set 
to 0. When the PI bit of the data set to ATE becomes 0 
because of LDATE, F_flag becomes 1 to indicate a 
page-out in the lower level. If setting data causes re- 
served ATE error to occur, F_flag is set to 1. In both 
cases, if the address translation is conducted with ATE 
having set, an exception occurs. If there is no error in 
ATE set and the PI bit is ‘1’, F_flag is set to ‘0’. 

The flag change 311 of the LDATE instruction is 
summarized as shown in FIG. 291. 

Since this instruction is basically considered an ad- 
dress operation, the statuses of M_flag and Z_flag are 
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not changed. If a page fault occurs while the effective 
address for src and destaddr is obtained, a page out 
exception (POE) occurs as in regular instruction. 

This instruction is a privileged instruction. 

With LDATE/ST, the process equivalent to 
PSTLB/ST is automatically conducted, the process 
equivalent to PSTLB/PT is automatically conducted 
with LDATE/PT. 

In the operands of the LDATE, STATE, LDP, STP, 
LDC, STC and MOVPA instructions which reference 
the special space, if a memory indirect reference occurs 
because of the additional mode, the logical space (LS) 
rather than the special space is referenced. On the other 
hand, if a stack pointer (SP) reference occurs, the cur- 
rent ring RNG stack rather than PRNG is referenced. 
The meaningful special space address is the only effec- 
tive address which is finally obtained. 

In MOVPA, LDATE and STATE, the base register 
for the address translation operation is assigned by R1 
rather than UATB. Even if the R1 bit corresponding to 
the reserved portion of UATB (the bits of 2 4 and 
2 5 represented by ‘=’) is not ‘1’, it is not checked. 
Even if it is not checked by the hardware, the bits of 
2 4and2 5 should be filled with ‘0’. 

In executing LDATE when AT=00, the contents of 
src are fetched and the effective address of destaddr is 
calculated without the address translation operation like 
other instructions. However, the LDATE instruction 
itself does not depend on the value of AT. In short, even 
if AT=00, the effective address of destaddr being ob- 
tained is interpreted as a logical address and the con- 
tents of src are transferred to ATE which is used to 
translate the logical address into the physical address. It 
is assumed that this instruction is used as a pre-operation 
for the address translation. 

The specification of LDATE, STATE and MOVPA 
when AT=00 are determined so that they conform to 
the specifications when AT =01, so that OS can be used 
to initially set the operation environment of MMU, and 
so that they can be used consistently when a user pro- 
gram works with AT=01 and OS works with AT=00. 
PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When !R=‘11’ (Not detected when !=‘0’) 

When P='1’ 

When ttt=‘010’ to ‘111° 

When EaR is @-SP 

When EaA is Rn, #imm—data, @SP+ or @-SP 

<<L1i>> function exception 

When a bit pattern of LDATE is decoded 
MNEMONIC: 

STATE srcaddr,dest (the data processor of the pres- 

ent invention does not support this instruction) 
OPERATION: 

store address translation table entry (privileged) 

store ATE (PTE,STE) 
OPTIONS: 

/PT PTE (Page Table Entry) operation 

/ST STE (Section Table Entry) operation 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 312: shown in FIG. 292. 

STATUS FLAGS AFFECTED 313: shown in FIG. 
293. 
DESCRIPTION: 

Calculate the effective address (logical address) of 
the operand specified by srcaddr, read the address trans- 
lation table entry (ATE) which is used to convert the 
effective address into the physical address, and set it to 
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dest. The address translation method for srcaddr is such 
that the R1 register rather than the UATB register is 
used as the base address (physical address) of the ad- 
dress translation table unlike regular instructions, so 
that a space other than a logical space where a program 
is Currently executed can be operated through OS. If 
MSB is sreaddr is 1 (SR: Shared Region), the address 
translation is conducted using SATB rather than R1. 

With the /PT and /ST options, R1 represents the 
base address of the section table. 

Consequently, two levels of indirect reference occur 
with /PT, while one level of indirect reference occurs 
with /ST. In this instruction, the fixed number registers 
are used to assign spaces like high level functional in- 
structions. This is due to the fact that the symmetry of 
instructions is not required because it is not used di- 
rectly in a high class language and because a restriction 
exists due to the bit assignment. In this instruction F__ 
flag and V_flag are used to distinguish various cases, 
such as an error in ATE and page out. The instruction 
works as follows: 

1. Ifa reserved ATE error occurs in ATE in a higher 
level than that to be operated on the section and page 
tables used for the address translation of srcaddr, 

The ATE read operation is not conducted and the 
instruction is terminated with V_flag=1 and F_. 
flag=O since ATE to be operated on cannot be ob- 
tained. 

2. If a page-out occurs on the table containing ATE in 
the level to be operated or in a higher level than that on 
the section and page tables used for the address transla- 
tion of srcaddr, 

Since ATE to be operated cannot be obtained, the 
ATE read operation is also not conducted and the in- 
struction is terminated with V_flag=1 and F_flag=1. 
In addition, if both a 1eserved ATE error and next level 
page-out occur at ATE in the middle level, a reserved 
ATE error has a higher priority than the next level 
page-out and the flag status becomes V_flag=1 and 
F_flag=0. 

3. Otherwise 

Otherwise, ATE is read, and it is set to dest and V_— 
flag is set to 0. To represent the page-out in the lower 
level, F_flag is set to 1 when the PI bit of ATE read by 
STATE becomes 0. If data being read causes an re- 
served ATE error to occur, F_flag is set to 1. In both 
cases, if the address translation is conducted with ATE 
being read, an exception occurs. If there is no error in 
when ATE is being read and the PI bit is ‘1’, F_flag is 
set to ‘0’. 

The flag change 314 of the STATE instruction is 
summarized as shown in FIG. 294. 

A reserved ATE error occurs when the ATE re- 
served bit is used. By considering the flag status change, 
F_flag .or. V_flag of STATE is equivalent to V_flag 
of MOVPA. Therefore, the flag change pattern of 
STATE differs from that of MOVPA. 

Since this instruction is considered basically an ad- 
dress operation, the statuses of M—flag and Z_flag are 
not changed. 

If a page fault occurs while the effective address for 
srcaddr and dest is obtained, a page out exception 
(POE) occurs as in the regular instructions. 

This instruction is a privileged instruction. 

For dest/EaW!S, the @-SP mode is inhibited. The 
operation of the instruction cannot be distinguished. If 
@-SP is specified to dest while V_flag is set due to an 
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error or page-out and the content of dest cannot be 
transferred. 

In the operands of the LDATE, STATE, LDP, STP, 
LDC, STC and MOVPA instructions which reference 
the special space, if a memory indirect reference occurs 
in the additional mode, the logical space (LS) rather 
than the special space is referenced. On the other hand, 
if a stack pointer (SP) reference occurs, the current ring 
RNG stack rather than PRNG is referenced. The mean- 
ingful special space address is the only effective address 
which is finally obtained. 

In executing STATE when AT=00, the effective 
address of srcddr and dest is calculated without the 
address translation operation like other instructions. 
However, the STATE instruction itself does not de- 
pend on the value of AT. In short, even if AT =00, the 
effective address of srcaddr being obtained is inter- 
preted as a logical address and ATE is transferred to 
dest which is used to translate the logical address into 
the physical address. It is assumed that this instruction is 
used as a pre-operation for the address translation. 

In MOVPA, LDATE and STATE, the base register 
for the address translation operation is assigned by R1 
rather than UATB. Even if the R1 bit corresponding to 
the reserved portion of UATB (the bits of 2. 4 and 
2 Srepresented by ‘=’) is not ‘1’, it is not checked by 
the hardware. Even if it is not checked, the bits of 2. 4 
and 2 5 should be filled with ‘0’. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 

When + =‘0’ 

When W=‘I’ 

When EaA is Rn, #imm—data, @SP+ or @-SP 

When EaW!S is #imm_—data, @SP+ or @-SP 

<<Ll>> function exception 

When a bit pattern of STATE is decoded 
MNEMONIC: 

PTLB (the data processor of the present invention 

does not support this instruction.) 
OPERATION: 
purge TLB (privileged) 
OPTIONS: 

/AS Purge TLB in all the logical spaces. 

/SS Purge TLB in the logical space containing LSID 

specified by RO. 

INSTRUCTION FORMAT AND ASSEMBLER 
SYNTAX 315: shown in FIG. 295. 

STATUS FLAGS AFFECTED 316: shown in FIG. 
296. 

DESCRIPTION: 

Purge TLB. 

The control register is used to perform miscellaneous 
operations for TLB such as TLB lock operation and 
TLB enable operation. However, only the TLB purge 
operation is required, the TLB purge instruction is used, 
rather than adding the control register which would 
otherwise cause the burden on the hardware implemen- 
tation to increase. 

If TLB’s for multiple contexts (processes and tasks) 
exist, LSID is used to distinguish them. If TLB can 
distinguish multiple logical spaces, only TLB’s where 
LSID is matched to RO can be purged with the /SS 
option specified. Although LSID for the logical space 
which is currently in use is placed in the LSID control 
register, it is not affected by the execution of the PTLB 
instruction. 

The PTLB instruction does not have a function 
which purge only TLB at a specified logical address. 
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All TLB’s in the specified logical space are purged. 
When purging TLB at a specified logical address, the 
PSTLB instruction is used. However, when the /SS 
option is specified, only TLB or UR in the specified 
logical space is purged, rather than purging SR. 

To purge SR, it is necessary to use the /AS option. 

This instruction is a privileged instruction. 

Since the memory management and the TLB config- 
uration strongly depend on the implementation, this 
instruction is specified in < <L2> >. When accommo- 
dating this instruction, it is not always necessary to 
implement all the options. In addition, the LSID func- 
tion is not always required. In PTLB, the purge opera- 
tion is executed even when AT=00 as well as when 
AT=01. It is assumed that the PTLB instruction is used 
as a pre-operation for address translation. 

PROGRAM EXCEPTION: 

Reserved instruction exceptions 
MNEMONIC: 

PSTLB (the data processor of the present invention 

does not support this instruction.) 
OPERATION: 
. purge specific TLB 
OPTIONS: 

/AS Purge TLB in all the logical spaces. 

/SS Purge TLB in the logical space containing LSID 
specified by RO. 

/PT Purge the entry where all the logical addresses 
(2 31to2 12 bits) accord with prgaddr. In other 
words, the portion which is affected when PTE is 
changed is purged. 

/ST Purge the entry where the 2 31to2 22 bits of 
the logical address accord with prgaddr. In other 
words, the portion which is affected when STE is 
changed is purged. 

/AT Purge the entry where the 2 31 bit of the logi- 
cal address accords with prgaddr. In other words, 
the portion which is affected when UATB or 
SATB is changed is purged. 

INSTRUCTION FORMAT AND ASSEMBLER 

SYNTAX 317: shown in FIG. 297. 

STATUS FLAGS AFFECTED 318: shown in FIG. 
298. 

DESCRIPTION: 

Purge TLB of the specified logical address. 

TLB which is in the related logical space and where 
the logical address equivalent to the indexes from STE 
to PTE (namely, all the logical addresses) accords with 
prgaddr is purged with the /PT option. With the /ST 
option specified, TLB, which is in the related logical 
space and where the logical address equivalent to the 
index of STE accords with prgaddr, is purged. With the 
/AT option specified, all the entries are purged which 
are in the cache in the related logical space and where 
MSB of the logical address accords with prgaddr. 

If TLB’s for multiple contexts (processes and tasks) 
exist, LSID is used to distinguish them. If TLB can 
distinguish multiple logical spaces, with the /SS option 
specified, only TLB’s where LSID is matched to RO 
can be purged. Although LSID for the logical space 
which is currently used is placed in the LSID control 
register, it is not affected by the execution of the PTLB 
instruction. 

This instruction is a privileged instruction. 

Since the memory management and the TLB config- 
uration are strongly dependent on the implementation, 
this instruction is specified in <<L2>>. When ac- 
commodating this instruction, it is not always necessary 
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to implement all the options. In addition, the LSID 
function is not always required. 

The /AS and /SS options are provided to maintain 
the compatibility of whether LSID is used or not. Func- 
tionally, when PSTLB issued, it is possible to specify 
only /SS. However, if /SS is always specified, the com- 
patibility may be lost depending on whether LSID is 
used or not. For example, if a processor which does not 
have the LSID function is produced, a program work- 
ing on the processor will execute the PSTLB instruc- 
tion rather than setting LSID to RO. If the same pro- 
gram is executed in a future processor which has the 
LSID function, due to remaining data in RO, PSTLB 
will be executed by a completely incorrect LSID. To 
prevent that, if RO has not been set with an option, /AS 
should be set. If RO will be included in the near future, 
it will be necessary to set /SS. The specification of /AS 
in PSTLB has such a meaning. 

Thus, in PSTLB, all the combinations that follow are 
allowed. 

/AS/PT 

/AS/ST 

/SS/PT 

/SS/ST 

/SS means to purge TLB or UR in the logical space 
specified by RO. 

/AS means to purge TLB in all the logical spaces or 
TLB in a processor which does not have the LSID 
function (/PT and /ST options are also enable. RO 
is not used.) 

With the /AS option, a program can be created for both 
a processor which has LSID and that which does not. 
On the other hand, although the LSID function can be 
used with the /SS option, in a processor which does not 
have LSID, an error (reserved instruction exception) 
occurs because the option has not been accommodated. 

In the PTLB and PSTLB instructions, if the /SS 
option is specified, only TLB of UR in the specified 
logical space is purged, rather than TLB of SR. To 
purge TLB from SR, it is necessary to use /AS. The 
operation when the /SS option is specified in PTLB and 
PSTLB are summarized as follows. 

PSTLB/SS 

Purge UR in the logical space specified by RO. 
PSTLB/SS/AT @uraddr; uraddr is UR. 

Purge UR in the logical space specified by RO. 
PSTLB/SS/AT @sradder; sraddr is SR. 

Since SR is specified with /SS, no operation takes 
place. To purge all SR, use PSTLB/AS/AS 
@sraddr. 

PSTLB/SS/PT @uraddr; uraddr is UR. 
Purge part of UR in the logical space specified by 
oO 


PSTLB/SS/PT @sraddr; sraddr is SR. 

Since SR is specified with /SS, no operation takes 

place. 

To purge part of SR, use PSTLB/AS/PT @sraddr. 
If it is difficult to accommodate the /ST option in 
PSTLB, reduce the function to maintain the compatibil- 
ity so that the instruction can be simply executed and an 
EIT does not occur. Practically, the operation equiva- 
lent of /AT rather that /ST is performed. 

If PSTLB is executed at AT=00, the effective ad- 
dress of prgaddr is calculated without an address trans- 
lation like other instructions. However, the instruction 
operation of PSTLB does not depend on the value of 
AT. In other words, even if AT=00, the effective ad- 
dress of prgaddr obtained is interpreted as a logical 
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address and the purge operation is executed like 
AT=01 because it is assumed the PSTLB instruction is 


used as a pre-operation for address translation. 
PROGRAM EXCEPTION: 
Reserved instruction exception 
APPENDIX 1 


Instruction Set Reference of the Data Processor of 
the Present Invention 


* means the instruction that the data processor of the present 
invention does not support. 
(ate Transfer Instructions) 
MOV arc,dest Move and sign extend data 
MOVU ss arc,dest Move and zero-extend data 
PUSH arc Push to stack 
POP dest Pop from stack 
ST™ reglist,dest Store multiple registers 
LDM src,reglist Load multiple registers 
MOVA -srcaddr,dest Obtain effective address 
PUSHA - srcaddr Push address to stack 


(Comparison and Test Instructions) 


CMP - sscl,src2 Comparison and sign 
extension and 
CMPU srcl,src2 Zero-extension and 
comparison 
CHK bound, index,xreg Check upper and lower 
bounds 
ADD src,dest Addition and addition with 
sign- 
extension 
ADDU  src,dest Zero-extension and addition 
ADDX - src,dest Addition including a carry 
in from 
X_flag 
SUB src,dest Subtraction and subtraction 
with sign-extension 
SUBU src,dest Zero-extension and 
subtraction 
SUBX src,dest Subtraction including a 
carry in from X_flag 
MUL src,dest Multiplication 
MULU  src,dest Unsigned multiplication 
MULX - src,dest,tmp Extended multiplication, 
double precision 
DIV src,dest Division 
DIVU src,dest Unsigned division 
DIVX src,destimp Extended division, double 
Precision, and presence of 
remainder 
REM src,dest Remainder 
REMU i src,dest Remainder by unsigned 
division operation 
NEG dest Complementary operation 
<<L2>> INDEX indexsize, Calculate address of array 
subscript, xreg 
(Logical Instructions) _ 
AND _arc,dest AND operation 
OR arc,dest OR operation 
XOR ss arc,dest XOR operation 
NOT dest Not all bits 
(Shift Instructions) 
SHL = count,dest = Shift logical 
SHA _ count,dest’ «= Arithmetic shift operation 
ROT  _countdest = Rote 
SHXL dest Shift left and extend with 
X_flag 
SHXR dest Shift right and extend with 
X_flag 
RVBY src,dest Reverse byte order 
<<L2>> RVBI = src,dest Reverse bit order 
(Bit Operation Instructions) 
BTST offset,base Test a bit 
BSET offset,base Set a bit 
BCLR offset,base Clear a bit 
BNOT offset,base Complement a bit 
BSCH  data,offset Search 0 or | (in one word) 
ined Length Bit Field ration Instructions 
BFEXT offset, width, base,dest Extract bit field 
(signed) 
BFEXTU  offset,width,base,dest © Extract bit field 
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APPENDIX !-continued 


Instruction Set Reference of the Data Processor of 


the Present Invention 


BFINS src,offset, width, base 
BFINSU src, offset, width, base 
BFCMP src, offset, width, base 


BFCMPU  src,offset,width,base 


(unsigned) 

Insert bit field 
(signed) 

Insert bit field 
(unsigned) 
Compare bit field 
(signed) 
Compare bit field 
(unsigned) 


(Variable Length Bit Field Operation Instructions) , 


BVSCH Find first ‘0’ or ‘1’ in the bitfield 


(variable length) 


BYVMAP Bit map operation 


BYCPY _ Bit transfer 


BVPAT Operation of pattern and bit map 


(@ecimal Arithmetic Instructions) 
* ADDDX src,dest Addition in BCD 
* SUBDX _ src,dest Subtraction in BCD 
* PACKss  src,dest Pack string into BCD 
* UNPKss = src,dest,adj Unpack BCD 

(String Instructions) 
SMOV Copy string 
SCMP Compare string 
SSCH Find a character in a string 
SSTR Continuously write same data 


(fill data in string) 


(Queue Operation Instructions) 


entry,queue Insert a new entry into a 


QINS 
queue 
QDEL queue,dest 


Remove an entry from a queue 


QSCH Search queue entries 
Qump Instructions) | 

BRA newpe Branch always 
PC relative) 

Bec newpe Branch conditionally 
(PC relative) 

BSR newpe Subroutine jump 
(PC relative) 

IMP newpec Jump 

JSR newpc Jump to subroutine 

ACB step,xreg,limit.newpc Add, compare and 
branch 

SCB step,xreg,limitnewpc Subtract, compare, 
and branch 

ENTER _local,reglist Create new stack 
frame (High level 
language subroutine 
jump) 

EXITD _reglist,adjsp Exit and deallocate 
parameter 
(igh level language 
subroutine return and 
parameter release) 

RTS Return from 
subroutine 

NOP No operation 

PIB Purge instruction 


ultiprocessor Instructions 


buffer (instruction 
cache and pipeline 
arrangement) 


BSETI offset, base Set a bit (lock the bus) 
BCLRI  offset,base Clear a bit (lock 
the bus) 
CSI comp,update,dest Compare and store 
(lock the bus) 
‘Control S: Physical 5 ration Instructions 
LDC src,dest Load control space or register 
STC src,dest Store control space or register 
LDPSB arc Load PSB 
LDPSM src Load PSM 
STPSB dest Store PSB 
STPSM dest Store PSM LDP src,dest 
Load physical space 
STP src,dest Store physical space 
(QS-Support Instructions) 
* JRNG Jump to new ring 
* RRNG Return from previous ring 
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APPENDIX 1I-continued 


Instruction Set Reference of the Data Processor of 
the Present Invention 


TRAPA _ vector Trap always 
TRAP Trap conditionally 
REIT Return from EIT 
WAIT imask Set IMASK and wait 
LDCTX pcbaddr Load conteat from CTXB 
STCTX Store context to CTXB 
(MMU Support Instructions} 
ACS chkaddr Test access rights 
* MOVPA srcaddr,dest Move physical address 
* LDATE $src,destaddr Load address 
translation table entry 
* STATE § sreaddr,dest Store address 
translation table entry 
<<L2>> * PILB Purge TLB 
- <<L2>> 
* PSTLB prgaddr Purge specific TLB 
Signed Decimal Arithmetic tion Instructions 
<<L2>>* DCADD - src,dest Signed addition in BCD 
<<L2>>* DCADDU arc,dest Unsigned addition in BCD 
<<L2>>* DCSUB src,dest Signed subtraction in BCD 
<<L2>>* DCSUBU  src,dest Unsigned subtraction 
in BCD 
<<L2>>* DCX src,dest Addition and subtraction 
in BCD including a carry 
<<L2>>* DCADJ src,dest Signed complement 
in BCD 
<<L2>>* DCADSU - src,dest Unsigned complement 
in BCD 
<<L2>>* DCADJX = src,dest Complement in BCD with 
a carry 
<<L2>>* DCCMP srcl,src2 Signed comparison 
in BCD 
<<L2>>* DCCMPU  srcl,src2 Unsigned comparison 
in BCD 
<<L2>>* DCCMPX = srcl,src2 Comparison in BCD with 
acarry 





Appendix 2 Assembler Syntax of the Data Processor of 
the Present Invention 


A2-1 Outline 

This appendix describes the definitions of instruction 
mnemonics and addressing mode mnemonics for the 
data processor of the present invention. 

A2-1-1 Symbol Syntax in this Document 








> Indicates a meta character. 
[A] A is omissible. 
{A}* A is either not used or repeated one or 
more times. 

{A}+ A is repeated one or more times 
A: = B85 C AisBorC 
A: = BC B and C are connected to A. 

A2-1-2 Determining Mnemonics 

(1) “General mnemonic” and “Mnemonic-every-for- 
mat” are provided. 


The general mnemonic is a mnemonic which corre- 
spond with each instruction. Even if instructions have 
multiple formats the number of general mnemonics of 
the instruction is only one. On the other hand, the mne- 
monic-every-format, is used to distinguish the different 
formats. By determining a character which represents 
an instruction format, the mnemonic every format is 
systematically created from the general mnemonic. 
When creating an assembler source program, the pro- 
grammer regularly uses the general mnemonic. The 
format most suitable for the general mnemonic is se- 
lected by the assembler. 
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(2) A Unified rule for data type parameters is pro- 
vided. The data type parameters are required to specify 
the data type for the arithmetic operation, the same size 
operand for the entire instruction, and the size of every 
operand. 

(3) The mnemonics attempt to follow the IEEE Mi- 
croprocessor Assembly Language Standard (page 694) 
as closely as possible. However, since it is not com- 
pletely compatible with the architecture of the data 
processor of the present invention, these mnemonics are 
used only for reference to determine individual names. 
The concept and rule for the mnemonics used for the 
data processor of the present invention do not com- 
pletely conform to the IEEE standard. 

(4) Special symbolic characters should not be used is 
possible. 

In the assembler defined here, special symbolic char- 
acters should not be used if possible. Otherwise, special 
symbolic characters in the assembler may contend with 
them in numerical expressions in operands and in an 
extended assembler. In addition, to create software 
through a host computer which does not provide many 
character sets, it is recommended not to use many spe- 
cial symbolic characters. To avoid using many special 
symbolic characters, only one type bracket is used in 
the assembler. The special symbolic characters such as 
* and ‘&’ are not used. 

A2-1-3 Assembler Instructions 

Each instruction of the data processor of the present 
invention assembly language is described by one opera- 
tion mnemonic and zero or more operand mnemonics. 
An opcode mnemonic and operand mnemonic are de- 
limited with one or more blank characters (space or 
tab). Two operand mnemonics are delimited with one 
command, seperated by ‘,’. 





< Assembler instruction > ::= 
< Operation > [<Operand > {,<Operand > }*] 


A2-1-4 Operand Order 

Although the operand order is determined every 
instruction, it is generally described as follows. 

More Instruction (MOV) 

The first operand and the second operand become the 
source and destination, respectively. 


In short, 
First operand = = > Second operand 


It is the same as the IEEE standard. 

Two-operand instruction for dyadic (two-term) in- 
structions (such as SUB) 

The first operand becomes the second source and the 
second operand becomes the first source and destina- 
tion. 

In short, 


Second operand .op. First operand ==> Second 
operand 


It differs from the IEEE standard but, it is widely used 
in many processors and it is popular. 

A2-2 Operation Mnemonics 

A2-2-1 Mnemonic Generation Rule 

Although a verb which describes an operation in the 
IEEE standard is often placed at the beginning of the 
mnemonic, in the data processor of the present inven- 
tion, a data type parameter precedes such a verb. The 
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mnemonics for the operations are nearly the same as the 
IEEE standard. 
The instruction mnemonics for the data processor of 
the present invention are generated in the following 
rule. 


<Operation> := 
[<Data type >] < Operation > { < Variation > }*{/< Option > }* 
{:< Format > }*[.<Size>} 


Example: 

MOV 

SMOV/NE.W 

MOV.W 

MOV:L 

MOV:Q.W 

Data Type 

The data type which significantly affects the opera- 
tion method (which is irrespective of the <Opera- 
tion >) is specified at the beginning of an instruction. 
This data type includes a string, queue, bit field, etc. 

The data size (8, 16, 32 and 64 bits for an integer and 
32 and 64 bits for floating point) is specified in <Size>. 
Signed, unsigned and address operations are specified in 
< Variation >. 

Operation 

The operation itself is specified in accordance with 
the IEEE standard. Although the conditions of condi- 
tional jump instructions should be specified as options, 
they are customarily included in the basic portion of the 
< Operation >. 

Variation 

Detailed controls and attributes for an operation are 
specified. 

Option 

Instruction options represented with several bits in 
the instruction format are represented. The options 
include the termination conditions of the string instruc- 
tions and the search conditions of queues. 

Format 

A format for the short type and general type is speci- 
fied. Generally, it is omissible. If it is omitted, the gen- 
eral mnemonic is used. If the general mnemonic is used 
without <Format> in an assembler source program, 
the assembler automatically selects the suitable format. 
If <Format> is described, the mnemonic-every-for- 
mat is described. If the user describes <Format> in an 
assembler source program, it means to use the described 
format compulsorily. The mnemonic-every-format 
specified by <Format> is used to distinguish instruc- 
tion formats in descriptions of the specification, manual 
or disassembler. | 

Size 

The operand size is specified. The instruction with 
<Size> mainly uses integers and floating point. 
<Size> is closely related to <Operation> unlike 
<Data Type>. 

A2-2-2 Data Type 

The following characters are used to represent 
<Data type>. 

None Integer operation, address operation, miscella- 
neous operation, etc. 

F Floating point 

S String 

Q_ Double-linked queue 

B_ One-bit operation 

BF Fixed length bit field operation 
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BV Variable length bit field operation 

A2-2-3 Operations 

The following instructions of the data processor of 
the present invention assembler conform to the IEEE 
mnemonics. ADD, SUB, MUL, DIV, CMP, NEG, 
AND, OR, XOR, NOT, LD, ST, MOV, PUSH, POP, 
WAIT, NOP 

Note: 

Usage of MOV, LD, and ST: 

MOV Transfer data between registers and between 

memories. 

LD Transfer data from a memory to a register. 

ST Transfer data from a register to a memory. 

LD and ST are used for the instructions where the 

direction is a consideration. 

The shaft operations do not directly conform to the 
IEEE mnemonics because their left and right assign- 
ment method for the data processor of the present in- 
vention assembler differs from that for the IEEE stan- 
dard. However, by using the IEEE rule, SHA, SHL, 
and ROT are used. 

If the branch (conditional jump) instructions form to 
the IEEE standard, ‘BV’ has a different meaning. In 
addition, for easier distinctions between comparisons of 
signed integers and unsigned integers, the condition 
specification portion does not conform to the IEEE 
standard. 

JMP, JSR, and RTS do not conform to the IEEE 
standard due to symmetry of the branch instructions. 

Since the extension operations are uniformly repre- 
sented with ‘X’ of <Variation>, ADDX, SUBX, 
MULX, and DIVX do not conform to the IEEE stan- 
dard. 

A2-2-4 Variation 

<Variation> serves to specify the attributes for 
operations and uses the following characters. t,3990 

A2-2-5 Format 

<Format> serves to distinguish the instruction for- 
mat in detail and uses the following characters. 





E 8-bit immediate of two-operand instructions in 
genera] format 
Example: ADD:E.W #100.B,@abs2 
General format of two-operand instructions 
Example: ADD: G.W = ffabs1,@abs2 
ACB:G @abs1,R1,@abs2,loop3 
I Short format of immediate 
Example: ADD:1.W #100000, @abs2 
Short format of operation between memory and register 
Example: ADD:L.W @abs,R2 
MOV:L.W @(disp,R2),R3 
Litera] short format 
Static format of bit field instruction 
Literal short format of loop instruction 
Example: MOV:..W #3,@abs 
BTST:Q.B #4,@abs 
ACB:Q #1,R1,#5,loop! 
Short format of operation between registers 
Short format of register of loop instruction 
Example: AND:R.W R&1,R2 
MOVA:R.W @(disp:16,R2),R3 
ACB:R #1,R1,R2,loop2 
Short format of operation between register and memory 
{only MOV) 
Example: MOV:S.W 
8 newpce is 8 bits. 
Example: ACB:G 
newpc is 16 bits. 
Example: BEQ:G 
newpe ts 32 bits. 
Example: BNE:G 
newpc is 64 bits. 


R2,@abs 
@abs!,R1,@abs2,loop3:8 
error:16 


pext:32 
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_-continued 


Example: BRA:G loop:64 


The format specifications such as ‘:Q’, ‘:G’,. .. are used 
to distinguish the formats with in one instruction (gen- 
eral mnemonic) and create mnemonics-every-format. In 
short, it is used to specify a format in the assembler 
syntax. On the other hand, G-format, E-format, . . . 
described in “Instruction Format” are used to describe 
the formats in all the instructions. Therefore, while the 
*“G’ in ‘MOVA:G’ is the general format, GA, of the 
MOVA< instruction, the ‘:g’ in ‘MOV:G’ is the general 
format, G, of the MOV instruction. 

A2-2-6 Size 

Since the TEEE standard does not consider 64 bit 
integers, the data size handled also differs from that of 
the IEEE standard. 

In the case of integers 

4 types of sizes are symmetrically supported and the 
data type can be specified with the operand. 

Since the same data is written on both the operation 
side and the operand side, it is delimited with ‘.’. The 
following characters are used for <Size>. 


B Byte 8-bit long integer 

H Half word 16-bit long integer 
Ww Word 32-bit long integer 
L Longword 64-bit long integer 


‘L’ cannot be used in the data processor 32 of the pres- 
ent invention. 

In the case of floating point 

It is will be separately defined. 

A2-3 Operand Mnemonics 

Operands are classified into those where the general 
addressing mode or its subset can be used (the general 
operands are named) and those where special specifica- 
tion is made depending on the instruction (the special 
operands are named). For the special operands, the 
format is defined every-instruction. The following in- 
structions use the special operands. 
BRA, Bcc, BSR, ACB, SCB (newpc operand) 
LDM, STM (reglist operand) 
etc. 


<Operand > ::= <General operand > 
operand > 


< Special 


The general operands are such that the data size can 
be specified every operand. This feature is available for 
the general operand description in the assembler. In 
addition, operands have also the general mnemonic and 
the mnemonic-every-format. 

The general operand mnemonic is composed of a real 
operand value (effective address), specification of addi- 
tional mode format, and size. 





<General operand> ::= 
<Operand value >[:< Additional mode 
specification > }[. <Size>} 


A2-3-1 Rule for Addressing Mode Notation 

Since conventional processors do not have many 
addressing modes, their modes are individually consid- 
ered and it is possible to assign unique symbols to them. 
In addition, the notation of the addressing modes does 
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not accord with the real addressing operations. For 
example, although in some processor, the addressing 
mode of the register relative indirect may be repre- 
sented with disp(Rn), its operation is only mem[- 
disp+Rn and the disp portion and Rn portion are not 
symmetrically handled. Although it can be used with- 
out a problem, if it is used to create a complicated mode, 
an inconsistency may occur. 

Since the data processor of the present invention has 
a function named “additional mode”, the addressing 
should be uniformly and regularly described to prevent 
confusion. To do that, Data Processor of the present 
invention has a naming convention for real operations 
and their notations. In Data Processor of the present 
invention, the addressing mode including the additional 
mode will be uniformly described. 

The addressing is basically composed of addition 
operations and indirect references, each of which is 
repeated. Thus, it is necessary to represent these two 
types of operations. The rule of notation for the data 
processor of the present invention is summarized as 
follows: 

[Rule of Notation of the data processor, of the present 
invention Addressing Modes] 


@A or @(A) Reference the content of the memory of 
address A. mem[A] 

@{A,B,C,...) Add A, B,C,..., and reference the content of 
memory of the address which contains the result of the 
addition operations. 
mem [A+B+C+...] 





‘()’ in the data processor of the present invention does 
not have a special meaning such as indirect reference. 
Like general numerical expressions, it simply represents 
the order of connection. Thus, the meaning of @A is 
the same as that of @(A). Even if ‘(..)’ is used, if there is 
only one term, it is possible to omit it. 

In conventional processors, ‘(..)’ may mean an indi- 
rect reference and it is customarily used in the notation. 
However, with such a notation, the following misun- 
derstandings can occur. 


Example: 

Customer notation Operand value 

Rn Rn 

(Rn) mem[Rn] 

abs mem{abs] or abs 

(abs) mem|[mem|[abs]] or mem|[abs] 


To present such cases, in the data processor of the pres- 
ent invention, an indirect reference is always repre- 
sented with ‘@”’. 

On the other hand, since there is not such a rule for 
the immediate reference, (the addressing mode for stack 
operation and index scaling process), their notations 
should be determined by referencing the rule. 

A2-3-2 Specifying Additional Mode 

<Additional mode specification>::=A = _N 

‘A’ is specified when emphasizing that the format of 
the additional mode is used. On the other hand, ‘N’ is 
specified when emphasizing that the format of the addi- 
tional mode is not used. These specifications are equiva- 
lent to the mnemonic-every-format. If neither ‘:N’ nor 
‘:A’ are written, the assembler determines whether the 
addressing can be realized in a short mode other than 
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the additional mode and if it can be realized, it uses the 
mode. If it determines that it cannot be realized unless it 
is in the additional mode, it uses the additional mode. 








Example: 
@(disp,PC):A The PC relative additional mode is always 
used. Even if disp is 32 bits or less, 
the additional mode is used. 
@(disp,PC):N The PC relative indirect mode is always 
used. If disp is 64 bits, an error occurs. 
@(disp,PC) If disp is 32 bits, the PC relative in- 
direct mode is used. If disp is 64 bits, 
the PC relative additional mode is used. 
A2-3-3 Size 


<Size> represents the operation size of an operand. 
It serves to specify the real operation size of an operand 
along with the size represented with the mnemonic of 
the operation. The characters used to specify the size 
are the same as those used for the operations. 

The relationship between <Size> of an operand and 
<Size> of an operation is regular: 

If <Size> is specified in any Operation, <Size> 
becomes the default size for all operands except oper- 
ands whose size cannot be specified: immediate oper- 
ands, and operands having special meaning. 

If <Size> is specified for an operand, it becomes the 
size of the operand. Even if a different size is specified 
in an operation, the <Size> specified in the operand 
has a higher priority than any other sizes. 

If the <Size> which is specified for an operand 
cannot be used, an error occurs. 





Example: 
MOV.W @src,@dest 





Both src and dest are 
WCWORD) type. 

src is (BYTE) type, 

while dest is WCWORD) type. 
stc is B(BYTE) type, 

while dest is WCWORD) type. 


MOV.W  @src.B,@dest 


MOV = @src.B,@dest.W 


A2-3-4 Operand Value 

The assemblers syntax for general operands each 
addressing mode is described in the following. 

Numeric characters, variable names and numeric 
expressions can be described as the contents of <Im- 
mediate value> and <Absolute value>. Their syntax 
will be determined separately. <Format> is described 
to clarify the format selection of the addressing mode. It 
is mainly used to specify the size of the extension por- 
tion of the addressing mode. It is omissible. However, if 
it is omitted, the assembler automatically selects the 
suitable format (size). <Format> is used to distinguish 
the format in the addressing portion for the description 
of the specification, manual or disassembling. 


<Format>::=4 16 32 64 

4 4bit long addressing modification portion 

16 16-bit long addressing extension portion 
Example: @(disp:16, Rn),abs:16 

32 32-bit long addressing extension portion 
Example: @(disp:32,Rn),abs:32 

64 64-bit long addressing extension portion 
Example: abs:64 

<Format> only specifies the size of an instruction 
format. On the other hand, <Size> specifies the 
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size of an operand. Except in the immediate mode, 
<Format> differs completely from <Size>. 





Example: 5 
MOV RO.W,@addr:16,W 


This instruction transfers the content of RO to the mem- 
ory represented with ‘addr’. The absolute addressing 
mode is used. 

‘316’ indicates the ‘addr’ is represented with 16 bits. 
Thus, the range of ‘addr’ is SfffF8000 to SOOO08fTT. On 
the other, ‘.W’ indicates that the operation is performed 
with words (32 bits). In short, this instruction transfers 
4 bytes of data. 

<Register No.> is used to describe a mnemonic of 
the general purpose registers. 


10 





<Register No.> ::= 20 


RO Ri R2 
R7 R8 R9 
Ri4 R15 FP 


R3 
R10 
SP 


R4 
Ril 


R5 
R12 


R6 
R13 





FP and R14; SP and R15 are exactly the same. 25 


A2-3-4-1 Register Direct 





Operand = Rn 
<Operand value> ::= 
<Register No.> 

Example: RI 





A2-3-4-2 Register Indirect 
35 





Operand = mem[{Rn] 
<Operand value> ::= 
@ <Register No.> 

Example: @R2 





A2-3-4-3 Register Relative Indirect 





Operand = memidisp!6 + Rn] 
mem{disp32 + Rn] 
<Operand value> «== 
@( < Displacement > {:< Format >], < Register No. >) 
n= 16 32 


45 





A2-3-4-4 Literal and Immediate 





Operand = imm_data 
<Operand value> ::= 
# <Literal value > 
<Operand value> ::= 

# <Immediate value > 


55 





When the use of the literal instruction format is clearly 
described, it should be described in the mnemonic of an 
operation. 

In the case of an immediate, since the size of the 
extension portion is determined by the size of an oper- 
and, the meaning of <Format> becomes the same as 
that of <Size>. In the assembler, the size can be speci- 
fied as either <Format> or <Size>. 

If the size is not specified on the operand side of the 
immediate operand and the function of the instruction 
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has a flexibility for size, the minimum size is automati- 
cally selected. 





Example: 
ADD:Q.W #1L,RO Use the literal format (2 bytes). 
ADD:1.W #1,R0 Use the immediate type format (6 bytes). 


The source oeprand ‘1° is represented 
with 32 bits. 
Use a short format (6 bytes). 
Specify an 8-bit immediate as the source 
operand. 
Use a general format (6 bytes). Spec- 
ify an 8-bit immediate as the source 
operand. 
‘Y’ is represented with the low order 8 
bits in the 16 bit field. ‘I’ is sign 
-extended to 32 bits. 
Use a general type 8-bit immediate format 
{4 bytes). ‘Ll’ is sign-extended to 32 bits. 
Since the size is not specified for #1 and 
the :G format is used, there is a flex- 
ibility in size. Thus, the minium size 
is automatically selected. The instruc- 
tion becomes equal to the following in- 
struction. 

ADD:G #1.B,R0.W (6-byte instruction) 
rather than the following instruction. 

ADD:G #1.W,RO.W (8-byte instruction). 
Select an instruction by using <Format> 
rather than <Size>. 
This instruction becomes equal to the 
following instruction. 

ADD:G.W #1.H,RO 
In the general mnemonic, if simply described as follows, 

ADD.W #1,R0 
the shortest code is selected as follows. 

ADD:Q.W #1,RO 


ADD:L.W #1,R0 


ADD:G.W #1.R,RO 


ADD-E.W #1,R0 


ADD:G.W #1,R0 


ADD:G.W #1:16,RO 





Although the number of sizes is not limited to one, 
part of them actually uses only one size. For these in- 
structions, unless <Size> is placed on the operand size, 
the default size which is specified is applied depending 
on the instruction. It is an exception to the rule where 
the mnemonic of <Operation> is applied to all of the 
operands. ; 


Example 


In the access size of the bit operation instruction (BB 
is specified), the default size is 8 bits (.B). 

‘.H’ and ‘.W’ are specified in <<L2> >, while ‘.L’ is 
specified in <<LX>>. 

In the register size of the fixed length bit field opera- 
tion (X is specified), the default size is 32 bits (.W). 

‘.H’ and ‘.B’ cannot be used. ‘.L’ is specified in 
<<LX>>. 

BTST.W RO, @addr=BTST RO.W, @addr.B 

A2-3-4-5 Absolute 





Operand = memfabs!6) 
mem{abs32] 
mem[{abs64) 

<Operand value> ::= 


@ <Absolute address > [:<Format>] 
<Format>::= 16 32 o 
Example: @abs:32 





A2-3-4-6 PC Relative Indirect 





Operand = memfdisp]16 + PC] 
mem|[disp32 + PC] 
<Operand value> ::= 
@([ < Displacement > [:< Format >]},PC) 
<Format >: = 16 32 
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-continued 
Example: @(disp.PC) 








A2-3-4-7 Stack Pop 





Operand = mem(SP+ +] 

<Operand value> ::= 
@SP+ 

Example: @SP+ 





A2-3-4-8 Stack Push 





Operand = mem[--SP] 

<Operand value> ::= 
@-SP 

Example: @-SP 





A2-3-4-9 FP Relative Indirect 





Operand = mem[disp4 + FP] 
<Operand value> ::= : 

@([< Displacement > (:< Format > ]], < Register No. >) 
<Format>::= 4 
<Register No.>:= FP 
Example: @(disp4:4,FP) 


R14 





In this addressing mode, although the disp value being 
specified in the bit pattern is quadrupled to produce the 
real displacement, the value being quadrupled is used in 
the assembler syntax. 

Since the assembler syntax is the same as that in the 
register relative indirect mode, if <Format> is not 
specified the assembler selects the suitable mode. In 
short, in an operand described as @(disp,Rn), when Rn 
is R14 or RP, and then disp is a multiple of 4 in the range 
from —32 to 31, the FP relative indirect mode is se- 
lected. Otherwise, the register relative indirect mode is 
selected. 

A2-3-4-10 SP Relative Indirect 


Gperand = mem{disp4 + SP] 
<Operand value> := 

@([< Displacement > [:< Format > ]],< Register No. >) 
<Format>::= 4 
<Register No.>::= SP 
Example: @(disp4:4,SP) 


Ris 





Although the disp value specified in the bit pattern is 
quadrupled to produce the real displacement in this 
addressing mode, the value being quadrupled is used in 
the assembler syntax. 

A2-3-5 Additional Mode 

In the additional mode, there are the general mne- 
monics which represent functional requirements and 
the mnemonic-every-format, which symbolizes format 
and bit pattern. 

General Mnemonic 

An indirect reference is represented with @ or @(. . 
. ). An addition of address is also represented with (. . 


, The order of syntax is usually as follows. 


Base mode or current additiona] mode temp value 
Displacement 


—~ 
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~continued 
Index 


_ 





In this manner, the flow of the effective address calcula- 
tion from the left to the right becomes simple. The 
information necessary for the earlier level additional 
mode and that for the later level additional mode are 
grouped to the earlier side and the later side, respec- 
tively. In order words, the order of the general mne- 
monic syntax becomes the same as that of the machine 
language bit pattern in the additional mode. Therefore, 
the general mnemonic syntax corresponds properly 
with the mnemonics-every-format and real machine 
language additional mode, so that the assembler can be 
simplified and easily understood. 

Mnemonic-every-Format 

By using the following three characters for specify- 
ing a format, the syntax which corresponds to the ma- 
chine language bit pattern can be obtained. 

:B Indicates the process of the specified portion is 

performed by the base mode. 

:B Indicates the process until the specified portion is 
performed by the general additional mode. 

:N_ Indicates the process of the specified portion is 
performed by the addition mode in the next level 
(the portion specified with ‘:A’). 

“Process of the specified portion” means the addition 
process of the value if the format specification character 
is assigned to the displacement and register. However, it 
means the indirect reference process if the format speci- 
fication character is assigned to a closed parenthesis ‘)’. 
In addition, “Process until the specified portion” in ‘:A’ 
indicates that the process of the ‘:A’ portion and the ‘:N’ 
portion on the left side are performed at the same time. 

In all the formats are specified, the number of *:A’ 
becomes the number of levels of the additional mode. 
Usually, one ‘:A’ corresponds with one level indirect 
reference. However, when adding the contents of multi- 
ple index registers (‘:A’ is required even if there is no 
indirect reference), there is an exception where a dual 
indirect at the last level is performed (even in two level 
indirect references, it is possible to use only one ‘:A’). 

If there is no format syntax, the additional mode 

which can perform the general mnemonic (represented 
as the general mnemonic) is automatically selected. 
If the format which cannot be obtained in the real addi- 
tional mode is specified to the mnemonic-every-format, 
an error occurs. If a format specification character is 
removed from the format specification mnemonic, it 
becomes the general mnemonic like the general rule of 
the mnemonic every format. 

General Format 

It multiple address additions are not performed, pa- 
rentheses of @(.. . ) are omissible. Thus, @(@(@(R1) 
of triple indirect reference used in the additional mode 
can be described as @@@R1. This rule applies to all 
the addressing modes except the additional mode and is 
a so-called syntax sugar. 

Although the IEEE standard uses the size specifica- 
tion characters such as ‘:B’ and ‘:W’ for the index scale 
values, since it is supposed that larger values may be 
placed in the scale value in future, the numeric charac- 
ters are directly described to the scale value. The char- 
acter used to specify the scaling should be ‘*’ rather 
than *.’ in the IEEE standard because ‘:’ is used to spec- 
ify a format. 
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Example: 


@(offset,PC) 
memfoffset + PC] 
General mnemonic. If offset is represented in 32 
bits or less, the process is performed in the PC 
telative indirect mode. If offset is over 32 bits, 
the process is performed in the additional mode. 
@(offset,PC):N 
memfoffset + PC] 
The process should be performed in the PC relative 
indirect mode rather than the additional mode. In 
the data processor64 of the present invention, if , 
offset is over 32 bits, an error occurs. 
@(offset[:N], PC{:N)}):A 
memfoffset + PC) 
The process should be performed in the additional 
mode. Since there is no portion which specifies the 
base mode, the process is performed in the 
absolute additional mode 
+ additional mode EI = 10, disp = offset, index = PC, 
and scale = 1. 
@(PC[:B), offset[:N])[:A] 
memloffset + PC] 
The process should be performed in the PC relative 
additional mode 
+ additional mode EI = 10, disp = offset, index = 0, 
and scale = *. 
@(@(@(R3:B], base 1[:N],R4*4[:N])[:A],base2[:N], R5[*1:] 
ENDENDEA] 
mem({mem[mem[R3 + base] + R4%4] + base2 + R5]] 
R3 relative additional mode 
+ additional mode El = Ol, disp = base], index = R4, 
and scale = 4 
+ additional mode EI = 11, disp = base2, index = R5, 
and scale = | 
@(R3{:B], base 1[:N],R4°4{:A},R5*2(:N)[A] 
mem[(R3 + base] + R4*4 + R5*2] 
R3 relative additional mode 
+ additional mode EI = 00, disp = basel, index = R4, 
and scale = 4 
+ additional mode EI = 10, disp = base2, index = R5, 
and scale = 2 
@(R3[:B),base]:A,R4°4:A):A 
mem[R3 + basel + R4*4] 
R3 relative additional mode 
+ additional mode EI = O00, disp = basel, index = 0, 
and scale = * 
+ additional mode EI = 00, disp = 0, index = R4, 
and scale = 4 
+ additional mode El = 10, disp = 0, index = 0, and 
scale = * 
This example uses three levels of additional modes 
by specifying the format although it can be specified 
in one level of the additional mode. 


The syntax of the additional mode is summarized in the 
following, however, abbreviated syntax omitting paren- 
theses and the syntax for commas ‘,’ which delimited 
each portion are excluded. 





Operand = 
mem[mem][...] + disp + Rn * Scale! + Rm * Scale2 
<General operand> ::= 
<Operand value >[:N][. <Size >] 
<Additional mode operand value >[.<Size>] 
<Additiona] mode operand value> ::= 
@(< Additional mode intermediate value >, [<disp value> 
END. 
[Index value >[:N]])[:A] 
Accords with EI = 10 
@(@{< Additional mode intermediate value>,[<disp value > 
[EN], 
[<Index value> [:NJ)[:N))[:A] 
Accords with EI = 11 
It represents the last level of the additional mode. 
< Additional mode intermediate value> ::= 
<Additional mode intermediate value>,<disp value >[:A] 
<Additional mode intermediate value>, [<disp value> 


EN]. 
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-continued 


<Index value>[:A] 
Accords with EI = 00 
@(< Additional mode intermediate value>, [<disp value > 
[:N]], 
[<Index value >[:N])[:A] 
Accords with El = 01 
It represents one middie level of the additiona}) mode. 
<Additional mode intermediate value > ::= 
(O[:B] Accords with the absolute additional mode. 
<Register No. >[:B] Accords with the register relative 
additional mode. 
PC[:B] Accords with the PC relative additional mode. 
It represents the base mode (distinction of register 
relative additional mode, PC relative additional mode, 
and absolute additional mode. 
<disp value> = 
<Displacement > [:< Format >] 
Accords with D,dddd field. 
<Format >::= 4 16 
<Index value> ::= 
(Register No.)[. <Size>]['*’<Scale value>] 
PC[. <Size>][**’<Scale value >] 
Accords with S, M, Rx, and XX fields. 
<Size>:=W L 
<Scale value>s:= 1 2 4 8 


324 





“* represents that an asterisk ‘*’ is used for a character. 
It does not mean “repetition”. 

<Size> of <Index> is the effective data size of the 
index register. If ‘.W’ is specified in the data processor 
64 of the present invention, the low order 32 bits of the 
register are sign-extended to 64 bits. 

If <Scale> of <Index> is omitted, ‘1’ is assumed. 

A2-3-6 Special Operands 

For the operands which are specified in other modes 
except the general addressing modes (special operands), 
the following syntax is used, however, the syntax for 
the commands ‘,’ which delimit each portion are not 
excluded. 

reglist (L.DM,STM,ENTER,EXITD instructions) 

<Register No.> or <Register No.>-< Register 
No.> is delimited with ‘,’ and then parenthesized ‘(.. . 
y. 





<Special operand > ::= 

({<Serial register No. >,}*) 
<Serial register No.> ::= 

<Register No. > Specify the numbered 
register. 

<Register No.>-<Register No. > Specify all the registers 

Example: _ 
ENTER.W #10,() 

LDM.W @biock,(SP) 

STM.W (R1,R3,R9-R13,FP),@-SP 


newpc (BRA,Bcc,BSR,ACB,SCB instructions) 

The available addressing mode is only the PC relative 
mode. As the operand, only the label to be jumped is 
described. In this case, the assembler sets the difference 
between the start address of the instruction and the 
address to be jumped as the bit pattern of nepc so that 
control can jump to the specified label when the instruc- 
tion is executed. 


<Special operand > ::= 
(label of destination) 
Example: 
BEQ nextaddr 
ABC.B #1,R1,@limit,Joopaddr 


Jump to nextaddr. 
Jump to loopaddr. 
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In the BRA, Bcc, BSR, ACB and SCB instructions, 
because the special addressing mode (only PC relative) 
is often used and because it is preferred to directly writ- 
ing a destination label, by describing only < Destination 
label>, the difference between <Destination label> 5 
and the address where the instruction is placed in auto- 
matically set to the displacement. Only on <Destina- 
tion label >, does a symbol name (except registers) ap- 
pear without ‘#’ and ‘@’. 


For example: The following instruction 10 


BRA label 


represents the same meaning as the following instruc- 
tion. 15 
IMP @(label-5,PC) 


‘$’ represents the start address of the instruction con- 
taining ‘S’ (in this case, JMP instruction). 

adj (UNPKss instruction) 

‘# is placed at the beginning of the instruction. 





< Special operand> «= 25 
# <offset > Directly set the value. 
Example: 


UNPKBW = @src,@dest,#H ‘23302330 





vector (TRAPA instruction) 30 


‘#’ is placed at the beginning of the instruction. 





<Special operand > «= 

# < Vector > Directly set the value. 
Example: 
TRAPA 


35 
#1 





Others 

The literal specification for the bit field instructions 
are represented like the short format literal specifica- 
tion. 


# < Literal value> 
The register specification for the bit field instructions a 
such as CHK, INDEX, ACB and SCB is represented 
like the general address register direct mode. 


<Register No.> 


A2-4 “Mnemonic-Every-Format” and “General 
Mnemonic” 

The “General mnemonic” and ‘“Mnemonic-every- 
format” are some features of the assembler of the data 
processor of the present invention. Although a similar 
feature is present in some instructions of conventional 
processors (for example, MOV and MOVQ in the 68020 
processor), the data processer of the present invention 
completely systematizes both types of mnemonics, so 
that the same concept is applied to both the operations 
and descriptions of operands. 

There are following relationship between the mne- 
monic-every-format and the general mnemonic. 

With the general mnemonic, user is released from 
various restrictions caused by the implementation and 
format. As long as the general mnemonic is used, the 
assembler selects the suitable codes. 
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Instructions which have the same function and flags 
whose status was changed in the same way, should be 
unified under one general mnemonic. 

The mnemonic-every-format corresponds with the 
bit pattern of the machine language. 

Even if the mnemonic-every-format is changed, it 
only affects the object size and the number of execution 
cycles, but to the user, the instruction function includ- 
ing the flag status is not changed. Therefore, the format 
parameters basically differ from the size parameters. In 
the case of the size parameters, when the operation size 
is changed, the instruction function appears to the user 
to also change, so that in the conditional jump instruc- 
tions a format parameter such as “BRA label:32” is 
used, while in the addition instruction, a size parameter 
such as “ADD src.B,Dest.W” is used. 

The user usually employs the “general mnemonic”. 
The “mnemonic-ever-format” is not used for describing 
the format in the specification and for disassembling. 
Thus, although occasionally it seems to be redundant, it 
makes sense when considering the purpose of their 
usage. The “general mnemonic” and ‘“‘mnemonic-every- 
format” are only two extremes of syntax. There is an 
intermediate syntax which specifies part of the format. 
For example, if ‘169 (offset,PC) is described in the 
additional mode and the formats of each level of the 
additional mode are not specified, the following de- 
scription is used: 


@offset,PC):A 


Although the “mnemonic-every-format” is used, it is 
possible to specify only the portion where the format is 
required, so that the instruction being described is not 
so long. 

The “mnemonic-every-format” can be converted into 
the “general mnemonic” by simply deleting “:X” . Con- 
versely, the “general mnemonic” can also be converted 
into the “mnemonic-every-format” by adding “:X” in 
the range where the format is allowed. The order of 
operands is not changed. Although it can be used to 
change symbols and order of the mnemonic-every-for- 
mat, the relationship between the mnemonic-every-for- 
mat and the general mnemonic can become compli- 
cated. (Various types of classification are required and 
the expandability is also degraded.) 

If part of a format like “@(offset,PC)” is specified, it 
is desired to uniformly distinguish the “mnemonic- 
every-format” and the “general mnemonic”. 

The interface requested by the user is the general 
mnemonic, while the interface restricted by the ma- 
chine language is the mnemonic-every-format. Both are 
arranged by the ‘:X’ format specification character and 
assembler. 

When both the mnemonic-every-format and the gen- 
eral mnemonic are used at a time, the assembler must 
unfortunately be more complicated. However, it is pref- 
erable to have the format processed by the assembler 
than the user, even if the assembler’s process is compli- 
cated to some extent. 

Even if the bit pattern is similar, if the machine lan- 
guage and flag status are changed, a different general 
mnemonic is used. 

For the above reasons, it is preferable that the use of 
the mnemonic-every-format and the format to be used 
should be clarified. To do that, the portion which repre- 
sents the format should consistently be fixed to ‘:X’. 


5,201,039 


153 

The portion of ‘[. . . ]’ in the syntax is omissible. How- 
ever, it is not necessary to uniformly determine whether 
it is omitted or not. For example, some ‘[. . . ]’ can be 
omitted, while another ‘[. . . ]’ can remain. 

A2-5 Assembler as Language 

The assembler syntax described above is the syntax 
for using the mnemonics as instructions for the machine 
language bit pattern and is the core of the assembly 
language. In the data processor of the present invention, 
this syntax is specified in << <LO>>. 

The following items should be defined. They should 
conform to the IEEE standard if their application 
causes no inconsistency with the architecture of the 
data processor of the present invention. 

Whether upper case characters and lower case char- 
acters are used 

How many symbolic characters can be used? 

Whether an expression can be described in symbolic 
characters and what syntax is used 

What label format is used (whether ‘: following a 
label is used)? 

What syntax is used for binary, octal, decimal and 
hexadecimal? 

What syntax is used for comments? 

What syntax is used for strings? 

What syntax is used for special characters (example, 
line feed character ‘ n’)? 

What detail syntax and characters are available? 

What assembler pseudo instructions are used ? 

What about macros? 

The syntax for binary, octal, decimal and hexadecimal 
in IEEE is specified as follows. 


B’ Binary Example: B‘00010010 = H'l2 
Q Octal Example: Q’22 = H'l2 
D' Decimal Example: D's = H'l2 
H’ Hexadecimal 


this specification uses “H’xx” for hexadecimal notation 
and “B’xx” for binary notation. 

A2-5-1 Upper Case Characters and Lower Case 
Characters 

Although the IEEE standard does not differentiate 
between the upper and lower case characters, the data 
processor of the present invention treats the upper and 
lower case characters for mnemonics and reserved 
names equally. In short, programming examples written 
in upper case characters in this document can be de- 
scribed in lower case characters. However, for vari- 
ables that the user defines, the upper case characters and 
lower case characters are generally distinguished. 

A2-5-2 Symbol Value 

In items such as <Displacement>, <Literal val- 
ue>, <Immediate value>, and < Absolute address> 
(named <Symbol value>, expressions of arithmetic 
operations including constants and labels can be de- 
scribed. To change the priority order in the expressions, 
it is possible to use ‘( . . )’. However, for an expression 
containing an unstable value (such as a label which is 
defined by an external name or defined later), the for- 
mat of the arithmetic expressions can be restricted to 
obtain correct relocation. 

In addition, it is possible in expressions to use ‘$’ 
which represents the address of the instruction cur- 
rently under consideration. 

The PC relative indirect mode is represented as fol- 
lows. @(disp.PC) 
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The disp value is set directly in the displacement. 
However, if a program which is PC relative and reloca- 
table is described, it is necessary to set the difference 
between the operand address and the instruction ad- 
dress as the disp value rather than setting the operand 
address as the disp value. To do that, ‘S’ can be used. In 
other words, it is possible to set (operand-$) as the disp 
value. 

Example of a program with ‘$’ 





< <Address > > 
H‘OOFE 
H‘0100 
H‘0104 
H‘0108 
H‘010C 


MOV.B #1,@(loc—5:16,PC) 
MOV.B #2,@(8:16,PC) 


H'0180 loc: 


In the second operand @(loc-§:16,PC) of the MOV.B 
instruction at the address H’0100, the value being set for 
the bit pattern of the real disp becomes H’0180- 
H’0100= H’0080. With this invention, 1 is set to loc at 
address H’0180. On the other hand, with the MOV.B 
instruction at H’0104, 2 is set at address 
H’0104+8=H’010C, 

Syntax of an operand with both additional mode and 


@(@((0:B,] label 1-§[:N], PC[:N])[:A],label2- 
$[:N], PC[:N])[:A]represents 
mem[mem{[disp! + PC] + disp2PC] 
However, 
disp! is the difference between the address that label! 
represents and the current address. 
disp2 is the difference between the address that label2 
represents and the current address. 
The extension portion of the additional mode is com- 
posed of the following: 
Absolute additional mode 
+additional mode EI=01, disp=disp1 
and scale= 1 
+additional mode EI=10, disp=disp2, index=PC, 
and scale=1 
This mode can be used when a relocatable table (such as 
a jump table for the case statement) is placed in the 
program area. 
The following PC relative indirect in the first level is 
used to make the table reference for the case statement 
relocatable. 


‘$ 


, index=PC, 


mem|[disp| + PC] 


The following PC relative indirect in the second level is 
used to make the decision of the address to be jumped 
relocatable. 


mem[men]. . . }+ disp2+ PC] 


Appendix 3 Outline of Memory Management Method 
_ of Data Processor of the Present Invention 


It is assumed that there will be chips which contain 
the data processor instruction sets of the present inven- 
tion without memory management hardware (MMU), 
depending on the applications. 

Thus, the memory management mechanism of the 
data processor of the present invention is not always 
defined in the <<LO>>specification, but in the 
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<<LA> > specification which only lists the standard 
specification. The paragraphs that follow describe the 
standard memory management method of the data pro- 
cessor of the present invention in the <<LA>>s- 
pecification. 

A3-1 Memory Management Method Selection and 
<<LIR>> Specification 

The data processor of the present invention provide 
the standard specifications of address translation and 
memory management methods by hardware (named 
MMLU) in the <<LA>> specification. However, 
where ITRON and micro-BTRON are accommodated 
in the data processor of the present invention, MMU is 
not required for the most part. Even if an application 
requires MMU, until the execution environment con- 
cerning MMU (such as page table) is terminated, it is 
necessary to execute the instructions without address 
translation. 

To do that, the data processor of the present inven- 
tion provides a field in PSW which indicates whether 
the MMU mechanism is used or not and whether the 
address translation is performed or not. By rewriting 
this field, the address translation and memory protec- 
tion availability can be specified. This field is named the 
AT (address translation) field. AT is placed at bits 6 and 
7 of PSS. With AT provided in PSW, the context 
switch by LDCTX, EIT process operation, and switch- 
ing of address translation are available, even if a return 
is made from the EIT process handler by REIT instruc- 
tion are available. 

The meaning 319 of the AT field 320 is as in FIG. 


For the data processor of the present invention which 
accommodates the standard memory management in 
the <<LA>> specification, AT=00 and 01 can be 
used. For the data processor of the present invention 
which acsommodates the memory management speci- 
fied in <<LIR>>, AT=00 and 10 can be used. Al- 
though memory protection every page cannot be con- 
ducted because MMU is not implemented, when 
AT=10 in the <<LIR> > specification, only ring 0 
and ring 3 of the four rings in <<LA> > are enabled 
for simple memory protection by address. 

The MSB=1 address area (SR in <<LA>>) can 
be accessed from ring 0; however, it cannot be accessed 
from ring 3. Usually, OS is placed in the area of 
MSB=0, but the area of MSB=0 (UR in < <LA>>) 
can be accessed from ring 0 and ring 3. Usually, the user 
program is located in the area of MSB=0. Although the 
memory protection between user programs is not avail- 
able because MMU is not accommodated, OS can be 
protected from the user program. 

If at=00 (no address translation), the ring protection 
for accessing the memory cannot be checked. 

Thus, page out exception (POE) and address transla- 
tion exception (ATRE) do not occur. 

However, even if AT=00, a privileged instruction is 
checked. It is preferred that the operation at AT =00 in 
< <LI> > be the same as that in <<LIR> >. How- 
ever, in instructions such as LDATE, they are practical 
instructions for setting the MMU environment, while 
they are meaningless in <<L1R> >. In addition, in- 
structions such as PTLB have meaning at AT=00 in 
<<Ll>>, while they are meaningless in 
<<LIR>> because of the absence of TLB itself. 
Thus, in the <<LIR>> specification, such MMU 
related instructions are not provided. If execution of 
these instructions is attempted in <<LIR> >, regard- 
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less of the value of AT, a reserved instruction exception 
(RIE) occurs. 

A3-2 Memory Management Method of the Data Pro- 
cessor of the Present Invention 

The data processor of the present invention is the 
Data processor in the <<LIR> > specification. 

The AT field of the data processor of the present 
invention 321 has meaning 322 as in FIG. 300. 

A3-3 Accessing I/O space of The Data Processor of 
the Present Invention 

If an instruction fetch operation for the I/O space 
represented with IOMASK and IOADDR and an oper- 
and fetch operation in the memory indirect addressing 
mode are conducted, an address translation exception 
occurs. 

In the memory indirect addressing mode, the I/O 
space is not accessed. However, when an instruction is 
fetched, the access operation is performed. Thus, it is 
necessary to lock out any external I/O device when the 
bus access type (BAT) signal is the instruction fetch. 
Since the I/O space is usually located in the ring O area, 
it is handled such that if data is accessed from ring 3, a 
ring protection violation occurs. A ring protection vio- 
lation can be rapidly detected, so that the memory is not 
accessed. Although an address translation exception 
occurs, if data is accessed over the 1/O space and non- 
I/O space, the reexecution operation cannot be assured. 

A3-4. Expandability of 64 Bits 

If a switch bit of SR/UR is fixed to MSB of the logi- 
cal address, there is the problem when expanded to 64 
bits. The data process or of the present invention will 
solve of the problem by treating the logical address as 
the signal number. 

In order to expand both SR and UR from 32 bits to 64 
bits, the address space needs only to expand in the two 
directions. Hence, the address is assumed to be the 
signed number and the UR region is assumed to expand 
in the positive direction and the SR region in the nega- 
tive direction, thereby solving the problem. Concretely, 
the logical address is kept to sign-extend with respect to 
expansion of 32 to 64. A memory map 323 is as shown 
in FIG. 301, 

Or, depiction 324 can be also shown as in FIG. 302. 

The address is assumed to be the signed number, 
thereby keeping continuity with respect to expansion at 
both the SR and UR regions. 

Instead, the address space is split into OS region and 
user region at the address of H’80000000 for the 32 bits 
processor and the both two regions are placed away 
from the 64 bits, which is considered non-problematical. 

In addition, at the 16-bits absolute addressing mode(- 
@ads:16) of the data processor of the present invention, 
the logical address is adapted to be sign-extended, to 
which an idea of address with signed number is applied. 


Appendix 4 Status Flag Changes of the Data Processor 
of the Present Invention 


The syntax of flag changes in each instruction are as 
follows. 
N change 
+ The flag is changed depending on its meaning. 
* The flag is changed irrespective of its meaning. 
0 Cleared to 0. 
1 Set to 1. 

A4-1 Data Transfer Instructions 325: shown in FIG. 
303. 

A4-2 Comparison and Test Instructions 326: shown in 
FIG. 304. 
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A4-3 Arithmetic Operation Instructions 327: shown 
in FIG. 3085. 

X_flag of ADDX and SUBX indicate a carry or 
borrow in the size of dest. If the size of arc in SUB is the 
same as that of dest, X_flag indicates the comparison of 
two sizes in an unsigned operation. 

On the other hand, L_flag indicates the comparison 
of two sizes in a signed operation. 

M_flag and Z_flag in MUL, MULU, MULX, DIV, 
DIVU, DIVX, REM, REMU and NGE are set depend- 
ing on the set value of dest irrespective of whether an 
overflow occurs or not. 

M_flag and Z_flag in MULX and DIVX are irre- 
spective of the set value of reg. 

V_flag in DIV is set in division by zero or “(mini- 
mum negative number)+(— 1)” occurs. 

V_flag in DIVU is set in the case of division by zero. 

V_flag is DIVX is set in the case of division by zero 
or the quotient is out of the dest size. 

V_flag in NEG is set if dest is the minimum negative 
number. 

M_flag and Z_flag in INDEX are changed depend- 
ing on the set value of xreg (part of the result). L_flag 
indicates that the result is negative, while V—flag indi- 
cates that an overflow occurs in multiplication or addi- 
tion. : 

A4-4 Logical Operation Instructions 328: shown in 
FIG. 306. 

M_flag and Z_flag in NOT are changed depending 
on the set value of dest (reversed result). 

A4-5 Shift Instructions 329: shown in FIG. 307. 

M_flag and Z_flag are changed depending on the set 
value of dest (shift result). 

The last shift out value is placed in X_flag. 

If count of SHA, SHL and ROT is 0, X_flag is set to 
0. 

In SHA, only if the sign is changed while count >0 
is V_flag set to 1. Otherwise, V_flag is set to 0. 

A4-6 Bit Operation Instructions 380: shown in FIG. 
308. 
A4-7 Fixed Length Bit Field Instructions 331: shown 
in FIG. 309. 

In the fixed length bit field instructions, the status 
flags of BFCMP and BFCMPU are changed similar to 
these of CMP and CMPU. The status flags of other 
instructions are changed similar to those of MOV and 
MOVU. In BFINS and BFINSU, the status flags are 
changed depending on BBBBBBBB 332 in FIG. 310. 

In BFEXT and BFEXTU, the status flags are 
changed depending on the set value of the destination 
rather than the bit field being fetched, so that it accords 
with the MOV instruction and so forth where the status 
flags are changed depending on the value being set on 
the destination. 

A48 Variable Length Bit Field Instructions 333: 
shown in FIG. 311. 

A49 Decimal Operation Instructions 334: shown in 
FIG. 312. 

Sign-extension does not have meaning in BCD num- 
bers. Basically, they treat unsigned numbers. Their sta- 
tus flags are changed similar to ADDU and SUBU. 
However, since ADDX and SUBX treat both unsigned 
and signed numbers, their status flags change irregu- 
larly, unlike those of ADDU, ADDDX, SUBU and 
SUBDX. 

The data processor of the present invention does not 
support decimal operations. 

A4-10 String Instructions 335: shown in FIG. 313. 
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F_flag in SMOV, SCMP and SSCH indicates that 
the operation is terminated by the termination condition 
(in the case of SSCH, it indicates that the search opera- 
tion is successfully terminated). 

V_flag indicates that the instruction is terminated by 
the number of elements. 

M-_-flag is used to distinguish multiple termination 
conditions. If the operation terminates in a condition 
relating to R3, M_flag is set to 0. If the operation is 
terminated by another 0 or in a condition relating to R4, 
(only available in <<L> >), the flag is set to 1. 

X_flag, L_flag and Z_flag in SCMP are set depend- 
ing on the result of comparison in the last element. 

X_flag indicate the comparison when the element is 
considered as unsigned data, while L_flag indicate the 
comparison when the element is considered as signed 
data. 

A411 Queue Operation Instructions 336: shown in 
FIG. 314. 

Z—flag is QINS indicates that data is placed in an 
empty queue. 

Z_flag in QDEL indicates that after an entry is de- 
leted, the queue becomes empty, while V_flag in 
QDEL indicates that an attempt was made to delete an 
entry from an empty queue. 

F_flag in QSCH indicates that the operation is termi- 
nated in the termination condition (the search operation 
is successfully terminated). . 

V_flag indicates that the operation is terminated by 
the queue termination value R2 (the search operation is 
unsuccessfully terminated). : 

M_flag is used to distinguish multiple termination 
conditions. If the operation is terminated in a condition 
relating to R3, the flag is set to 0. If the operation is 
terminated by another 0 or in a condition relating to R4 
(available only in <<L2> >), the flag is set to 1. 

A4-12 Jump Instructions 337: shown in FIG. 315. 

The flags in the jump instructions are never changed. 

A413 Multiprocessor Instructions 338: shown in 
FIG. 316. . 

A4-14 Control Space, Physical Space Operation In- 
structions 339: shown in FIG. 317. 

If PSW is specified to dest with LDC, all the flags are 
changed. 

A415 OS Related Instructions 340: shown in FIG. 
318. 

The data processor of the present invention does not 
support JRNG and RRNG. 

A4-16 MMU Related Instructions 341: shown in 
FIG. 319. 

M_flag, L_flag and Zflag in the ACS instruction 
indicates the read permission, execute permission and 
write permission, respectively. 

V_flag in MOVPA indicates the physical address has 
not been obtained due to a page fault or error. 

F_flag indicates that a page fault occurs. 

V_flag in LDATE and STATE indicates that ATE 
cannot be transferred due to a page fault or error. 

The data processor of the present invention does not 
support the MMU related instructions except for the 
ACS instruction. 


Appendix 5 Operation between Different Size Data Sets 


The data processor of the present invention can per- 
form various operations with different size (in byte 
increments) integers. It is called “operation between 
different size data sets”. Currently only integers are 
treated in “different sizes”. Data size are converted by 
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simple processes such as zero-extension and sign exten- 
sion. For example, if an 8-bit signed integer is added to 
a 32-bit integer, the signed bit (MSB) of the 8-bit integer 
is extended to the high order bit and the addition opera- 
tion is performed. Since the sign-extension process is 
available in 1 and 2 levels of gates, it is not much more 
complicated than regular addition instructions. 

A5-1 Availability of Different Size Operation 

The different size operations are used in the following 
cases. 

(1) When one operand is an immediate: 

When a variable and constant are the operands, since 
the size of the constant can be obtained during the com- 
piling operation, if the constant is treated as the smaller 
size, it can be effective in reducing the length of the 
instruction. For example, when an 8-bit constant, 100, is 
added to a 32-bit register, if a 32-bit addition instruction 
is used, a 32-bit field is required. 

However, the instruction which adds 8 bits to 32 is 
used, since the field which specifies a constant of 100 
only needs 8 bits, the length of the instruction can be 
shortened. 

In a multiplication or division operation, the different 
size operands affect the performance of such an opera- 
tion as well as its length. Since it is difficult to provide 
a 32 to 64 bit parallel multiplier in microprocessors, 
multiplication operations are conducted with addition 
and shift operations. However, the amount of multipli- 
cation operations is proportional to the product of two 
operand sizes. Thus, it is profitable to have one of two 
operands small. Without the different size operation 
function, for multiplying a 32-bit variable by 3, for ex- 
ample, it is necessary to perform a multiplication opera- 
tion of 32 bits * 32 bits. 

(2) Address Calculation 

In an address calculation, it is necessary to match the 
size of the destination with the address lenzth. Thus, in 
the case of a 32-bit processor, operations between a 
32-bit operand and a different size operand are often 
conducted. For example, in a character conversion 
table, if the index range of the table is 8 bits or less, an 
addition operation of the index and base address is con- 
ducted as an addition of an 8-bit unsigned integer and a 
32-bit integer. 

(3) High Level Language 

Generally, in a high level language, the size of sub- 
routine parameters is often extended to the machine’s 
basic size (for example, 32-bits ) because the subroutine 
parameters are transferred using a stack, or because the 
divided compile operation can be simplified. In the C 
language, the evaluation of expressions is always done 
in the machine’s basic size irrespective of the data size of 
variables in the expression. On the other hand, the size 
of variables in the memory, arrays in particular, is usu- 
ally minimized to save the memory area. Thus, in a 
program which uses arrays and subroutines at the same 
time, their size should be converted when data is moved 
or while the operation is executing. To evaluate an 
expression and covert the size of operands at a time, 
different size operations like the data processor of the 
present invention is convenient. 

A5-2 Real Operations in the Data Processor of the 
Present Invention 

In the data processor of the present Invention, to 
support different size operations, the independence for 
specifying the data size has been enhanced so that dif- 
ferent size operations are available in most of the 2-ope- 
rand, general-format basic operation instructions. In 
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short, with 2-operand general-format basic operation 
instructions, the source size and destination size can be 
independently specified. If necessary, sign-extension, 
zero-extension, round-off of the high order bits, and so 
forth are available. Even if the destination size is smaller 
than the source size, the operation is executed and an 
overflow is detected depending on the destination size. 

The different size operation of each instruction is 
exemplified in the following. 





8 bits 
16 bits 
32 bits 


B: Byte 
H: Halfword 
W: Word 

MOV  arc.B,dest.W 

Sign-extend 8-bit src and transfer it to dest. 

src. W,dest.B 

Transfer low order 8 bits of src to dest. 

If the value of src as a 32-bit signed integer differs 
from the value of dest as an 8-bit signed integer, an 
overflow occurs. 

arc.B,dest.W 

Sign-extend 8-bit src to 32 bits and add it to dest. 

src. W,dest.B 

The value which is sent to dest is the same as that 
where the low order 8 bits of src are added to dest. 
However, the instruction means that the contents of src 
(32 bits) are added to the contents of dest (the 8-bit 
operand is sign-extended to 32-bits), the result is 
converted into an 8-bit signed integer, and then it is 
stored in dest. Thus, if the sum of the 32-bit op- 

eration cannot be expressed by 8 bits of dest, an over- 
flow occurs. 


MOV 


ADD 





In the data processor of the present invention, if the 
source data size differs from the destination data size, 
normal sign extension is performed. However, for in- 
structions which may require a zero-extension opera- 
tion (MOV, CMP, ADD, SUB), the zero and sign ex- 
tension can be switched at the instruction level. 
MOVU, CMPU, ADDU and SUBU instructions are 
used. In MOVU, CMPU, ADDU, SUBU, MULD and 
DIVU, if the destination size is larger than the source 
size, the zero-extension operation is performed and an 
overflow is detected assuming that the result is treated 
as an unsigned integer. 

A5-3 Different Size Logical Operations 

Since each bit is completely independent in logical 
operations, different size operations are meaningless, 
ie., they are the same as small size operations except 
that the flags are changed in a different manner. Zero- 
extension and sign-extension operations for operands of 
logical operations differ also. 

If the following function is described using the C 
language, the sign-extension operation and logical oper- 
ation should be performed (although they are meaning- 
less). 





foo( 1 
short intl6; /* 16-bit signed integer */ 
int int32; /* 32-bit unsigned integer */ 
int32 &= «= int 16; /* intl6 is sign-extended. */ 





Such an example is included for regularity and symme- 
try for the language. It is hardly used except as part of 
programming tricks. 

Problems of whether different size operations in logi- 
cal operations are supported or not are summarized as 
follows. 

(1) During execution 
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Logical operations with different size operands are 
not performed often and they do not have logical 
meaning. Practically, they can be substituted with 
other instructions and are only used for program- 
ming tricks. 
(2) During compiling 
Even in logical operations in the C language, zero 
extension and sign extension operations may be 
required. Even if they are not used often, the com- 
piler should generate correct codes, so that the 
symmetry of instructions is maintained. 
(3) Implementation for chip 
While the distinction of sign extension and Zero ex- 
tension operations is the same in all instructions due 
to the regularity of implementation, even in the 
logical operations, the introduction of zero exten- 
sion and sign extension operations is benefited. 
However, to do that, many bit patterns are re- 
quired for assigning the instructions, resulting in 
complex encoding of the instructions. Practically, 
the sign extension and zero extension operations 
cannot be distinguished in logical operations, so 
that the regularity of implementation for sign ex- 
tension and zero extension operations in logical 
operations is not benefited. In addition, since this 
matter may differ according to manufacturer, it is 
difficult to unify the specifications. 
Although the problem is determining whether to focus 
on (2) or (3), for maximum performance enhancement, 
it is preferable to select (3). 

In short, 

In different size logical operations, it is not desirable 
to degrade the performance enhancement by operations 
which are hardly executed. 

Since the different size logical operations for item (2) 
(including the sign extension operation) are not often 
used, it is possible to slightly lower their execution 
speed. For example: although the following instruction 





AND src.B,dest.W Sign-extend src. 


is replaced with the following instructions. 


MOV 
AND 


src.B,@—SP.W 
@SP+.W,dest.W 


Sign-extend src. 


the execution speed is slightly lowered, but the symme- 
try for the sign-extension and logical operations can be 
performed. With this operation, the burden on the com- 
piler does not increase. 

The data processor of the present invention specifica- 
tion does not support different size logical operations. If 
the instruction bit patterns are different sizes, logical 
operations are not assured. 

A5-4 Summary of Different Size Operation Function 

The paragraph that follows summarizes the relation- 
ship between instructions supported by the data proces- 
sor of the present Invention and integer data types. 

Supports 8-, 16-, 32-, and 64-bit long instructions. 

Supports signed integers with higher priority. 

For arithmetic operations of signed integers, different 
size operations in 2-operand instructions are sup- 
ported. 

The source size and destination size can be indepen- 

dently specified without restriction due to the size. If 
the source size is smaller than the destination size, the 
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sign extension operation is performed. The result is 
treated as a signed integer and the flags are set accord- 
ingly. 

Unsigned integer operations are supported only in 
part of instructions (MOV, CMP, ADD, SUB, MUL 
and DIV). The source size and destination size can be 
independently specified. If the source size is smaller 
than the destination size, the zero extension is per- 
formed. The result is treated as an unsigned integer and 
the flags are set accordingly. 

The operations which include signed and unsigned 
integers cannot be performed. However, in the case of 
an addition instruction, the presence or absence of the 
sign of the destination only affects the flags. If the flags 
do not need to be observed, the operation can be re- 
placed with ADD or ADDU. 

The different size logical operations are not sup- 
ported. 


Appendix 6 Subroutine Calls for High Level Languages 


In subroutine cells in high level languages, it is neces- 
sary to save the return address, set the frame pointer, 
keep the local variable area, and save the contents of the 
general purpose resisters. Although these operations 
can be broken down into instructions such as JSR and 
STM, they are usually lumped as one instruction (EN- 
TER, EXITED). 

A6-1 Subroutine Cells in the Data Processor of the 
Present Invention 

In subroutine cells of high level languages (C and 
PASCAL in particular), the process 342 is performed as 
in FIG. 320. 

The paragraph that follows describes the subroutine 
instruction ENTER and return instruction EXITD that 
the data processor of the present Invention provides for 
high level languages. 

FP (frame pointer) and displacement 

The language which provides a static scope like PAS- 
CAL employs a display register which accesses vari- 
ables in the intermediate level (which is located be- 
tween the level of the local variables and the level of the 
global variables). For processors which use many regis- 
ters like the data processor of the present invention, it is 
effective to provide such a display register in the gen- 
eral purpose registers. It means that these processors 
have multiple FP’s (for implementation, see the descrip- 
tion in A6-2). 

Parameters 

When parameters are passed, they are grouped as a 
packet and the start address is passed with a register or 
parameters are placed in the stack. In high level lan- 
guages, the latter method is often used. To access pa- 
rameters in the stack by the called subroutine, the FP 
relative mode is used. 

After a subroutine is executed, the parameters in the 
stack should be released by the called side. Depending 
on the language, the number of parameters (value to be 
added to SP) to be released can be specified in the re- 
turn instruction, unless partitioned compiling is per- 
formed. To do that, the data processor of the present 
invention provides the EXITD instruction. Since the 
number of parameters may be automatically determined 
(when the specific register and stack are used to inform 
the subroutine of the number of parameters), it is possi- 
ble to use a value in the register as well as the immediate 
value, as the value to be added to SP. 


5,201,039 


163 

However, in languages where the number of parame- 
ters cannot be determined, as in the C language, the 
subroutine side does not known the number of parame- 
ters which is determined by the side which calls the 
subroutine. Thus, in the EXITD instruction which is 
executed on the called side, the number of parameters to 
be released cannot be specified. In this case, the side 
which calls the subroutine should execute the instruc- 
tion ‘ADD #n,SP” to release the parameters. 

The ENTER instruction and EXITD instruction of 
the data processor of the present invention perform the 
processes 2 to 4 in the schematic on the preceding page 
and the processes 5 to 7 or 5 to 8, respectively. (How- 
ever, the number of parameters being released in pro- 
cess 8 is specified on the subroutine side.) Process 1 is 
the same as JSR, while process 8 serves to the perform 
“ADD ***,SP” on the side which calls the subroutine. 

The stack frame 343 in high class languages for the 
data processor of the present invention is as in FIG. 321. 

To place the local variables and parameters near FP, 
the register saving operation precedes the local variable 
keeping operation. 

The EXITD instruction includes the restore (RTS) 
operation. 

Practical Instruction Sequence 344, 345 

(if the subroutine side does not known the number of 
parameters): shown in FIG. 322. 

(If the subroutine side knows the number of parame- 
ters): shown in FIG. 323. 

A6-2 Examples of Configuration of Display Register 
for Block Structural Language 

To use the FP register, which is used in ENTER- 
EXITD as a dynamic link, it is necessary to assign the 
FP register to the frame pointer for the internal block 
(maximum lexical level). 

For frame pointers in other lexical levels, R13, R12, 
R11 ..., are used in the order of smaller value change 
to match the content of the smallest number register 
with FP. 

After the ENTER instruction is executed in each 
subroutine, FP is copied to the frame pointer register 
corresponding to their own lexical level. The register 
corresponding to their own lexical level. The registers 
larger than the number are used for the displacement 
registers and those smaller than the number are used for 
the saving registers. However, the contents of the regis- 
ters newly rewritten should be saved. 

Program Example (Static Scope) 346: shown in FIG. 
324. 

Example of Execution Statuses (Dynamic Link and 
Display registers) 347: shown in FIG. 325. 
procO*,var)* 

procO has a different frame from the former proc) 
because of a recursive call. 

For the registers whose contents are destroyed by the 
FP copy operation, the contents should be saved 
with the ENTER instruction before the copy oper- 
ation. If the contents of the registers are saved, 
when the control returns the function just before 
executing the subroutine, the contents of the dis- 
play registers return to the former values irrespec- 
tive of whether the lexical level is high or low. 

In the preceding example, the following relationship 
can be obtained depending on how the registers are 
used. 

For the execution of subroutines in the lexical level n, 
the following items are required. 
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(1) n registers from R13 to R13-n+1 are only refer- 
enced: they are not written. 

(2) Since the R13-n registers are used for displaying the 
local variables in this level, it is copied from FP after 
ENTER is executed. This display is used to access 
the variables in this level from the called subroutine 
when the higher level subroutine is called during the 
subroutine execution. To access the variables in this 
level from the subroutine, it is preferable to use FP 
which has the same content. 

(3) The (13-n) registers, from R13-n—1 to RO, are used 
for the register variables and for their evaluation. 
(4) the contents registers R13-n—1 to RO, should be 
saved with the ENTER instruction. The contents of 

all the registers should be stored. — 


Appendix 7 Control Registers and Control Space 


Since the specifications for the control registers 
closely relate to the chip bus (which is connected to the 
coprocessor, cache, TBL, and so forth) and the imple- 
mentation method, they are specified in <<LA>>. 

A7-1 Concept of Control Space 

In the data processor of the present Invention, a 
unique address is assigned to all the registers, MMU, 
cache, control registers (such as TLB of the main pro- 
cessor and coprocessor on the chip bus) and context 
switch high speed memories on the chip bus. It is called 
the control space. The control space of the data proces- 
sor of the present invention is such that the address 
space (co-processor -ID) for conventional processors 
and the control register address of the main processor 
are unified and generalized. In features the following: 

The control space in the data processor of the present 
Invention contains the following: 

(1) Main processor control registers . 
pointer of each ring, etc. 

(2) MMU control registers (the data processor of the 
present invention does not provide either or MMU.) 
... UATB, SATB, etc. 

Registers depending on the implementation 
(3) [Co-processor contro] registers] 

(4) [Context saving high speed memory]. . . For further 
chips 

(5) [General purpose registers and temporary registers 
in processor]... Remote diagnosis and debugging 
The control space is the common space between 

contexts (processes and tasks). The control space is 

accessed at high speed by a simplified protocol because 
address conversion is not required. This function is also 
used for the high speed context switching. 

The concept of the control space will only become a 
reality when a co-processor and context saving memory 
are built in the future. For the first version chips, since 
it may be difficult to unify the operation of the control 
space, only the address assignment is determined for 
further use and some of the control space operation 
instructions can be used with some restrictions. 

Practically, there are the following restrictions: 

Although the contro] space addresses are assigned 
from RO to R15 with PC used for diagnosing the pro- 
cessor, they are specified in <<L2>> and the data 
processor of the present invention does not provide 
them. 

LDC and STC are generally used to access the main 
processor control registers, FPU control registers and 
context saving memories. However, in the data proces- 
sor of the present invention, only the control registers 
with the effective addresses H’0 to H’O7ff (main proces- 


. . PSW, stack 
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sor control register) can be accessed with LDC and 
STC. 
In the addresses of the control space in the data pro- 
cessor of the present invention, the byte and half-word 








166 
-continued 

Address Register 

H'0048 reserved - UATBH 

H'004c * the data processor of reserve - UATB 
the present invention 

H‘0050 reserved 

H‘0054 * the data processor of reserved -- LSID 
the present invention 

H’‘0058 reserved 

H’'005c reserved 

H’0060 reserved - IOADDRH 

0064 f IOADDR 

‘0068 reserved - IOMASKH 

H'006c / IOMASK 

‘0060 to H’007f reserved 

H’'0080 reserved 

H’'0084 (*) the data processor of reserved —- DCE 
the present invention 

H’'0088 reserved 

H'008c DI 

H'0090 reserved 

H’0094 * the data processor of reserved - CSW 
the present invention 

H'0098 reserved 

H'00$c (*) the data processor of —s reserved - CTXBFM 
the present invention 

H’00a0 to H’00ff reserved 

H'0100 reserved —- SPIH 

H'0104 SPI 

H’0108 to H‘O1If reserved 

H’0120 reserved - SPOH 

H’0124 bd SPO 

H’‘0128 reserved - SP1H 

H‘012c * the data processor of reserved - SP] 
the present invention 

H’‘0130 reserved - SP2H 

H'0134 * the data processor of reserved — SP2 
the present invention 

H'0138 reserved -- SP3H 

H'013c . SP3 

H'0140 to H’0170f reserved 

H’‘0180 reserved - ROH 

H’‘0184 * the data processor of reserved -- RO 
the present invention 

H‘0188 feserved —- RIH 

H'018c * the data processor of reserved -- R1 
the present invention 

H’01e0 reserved ---R12H 

H'0le4 * the data processor of reserved — R12 
the present invention 

H’'01e8 reserved - R13H 

H'Olec * the data processor of — reserved ~ R13 
the present invention 

H’01f0 reserved — RI4H 

H’'OLf4 * the data processor of reserved -- R14 
the present invention 

H’O1f8 reserved ~ PCH 

H'0lfc * the data processor of reserved ~ PC 
the present invention 

H’‘0200 to H+-03ff reserved 

(H’0400 to H’O7fT <<LV>>) 

H‘0424 BBC 

H'‘042C BSP 

H‘0534 DBC 

H‘0484 XBPO 

H'O48C XBP1 

H‘0504 OBPO 

H'‘050C OBP1 





A7-3 Unused Bits in Control Registers 


If “1” is written to the unused bits in the control 


accesses cannot be used. The word access is automati- 5 
cally specified. 

The context saving memory cannot be located in the 
area where the control registers are located (from H’0). 
Since the addresses from H’ffff8000 to H’ffffffff are 
assigned (and also the extension area from H’80000000) 10 
as the context saving memory, if LDCTX/CS or 
STCTX/CS is executed while a value other than 
H’80000000 to H’f fff is set to CTXBB, an error oc- 
curs. The function of LDCTX/CS and STCTX/CS is 
specified in <<L2>>. 15 

The data processor of the present invention does not 
support LDCTX/CX and STCTX/CS. 

—: Required specification <<L1>> 

...: Only address assignment <<L2>> 

Although the byte access and half word access are not 20 
available in the control space 348 diagrammed in FIG. 
326, the byte addressing mode is used because the exe- 
cution address can be specified using the general pur- 
pose addressing mode. Confusion will occur unless the 
byte address is the same type as used in the logical 25 
space. To save the context in the control space, the 
general purpose addressing mode can be used in the 
control space. 

If only the control registers in the main processor can 
be accessed with LDC and STC, the byte addressing 39 
mode loses its meaning and the specification becomes 
unnatural. In order to accommodate further plans, such 
unnaturalness for part of the functions is now unavoida- 
ble. 

A7-2 Main Processor Control] Registers 35 

The mnemonics and addresses of the contro! registers 
are as follows. The address of the control register is 
placed at 8n+4, because of the expandability of the 
registers to 64 bits. 

40 
H‘0000 to H’03ff Main processor, MMU (TRON reserve) 
H‘0400 to H’O7ff Main processor, MMU <<LV>> 
‘0800 to H’Obff FPU (TRON reserve) 
H‘0c00 to H’Offf FPU <<LV>> 45 

* means the register provided every context. 

/ means the register which will not always be pro- 
vided (address assigned). 

50 
Address Register 
0000 reserved 
H'0004 * Psw 
H’0008 reserved 
H'000c (*) SMRNG 35 
H’0010 reserved 
H’0014 (*) IMASK 
H’0018 reserved 
H’001c hy reserved 
H’0020 reserved - EITVBH 
H’0024 EITVB & 
H’0028 reserved ~ JRNGVBH 
H‘002c the data processor of reserved ~- JRNGVB 
the present invention - 
H'0030 reserved - CTXBBH 
‘0034 by CTXBB 
‘0038 reserved 65 
H'003c reserved 
H'0040 reserved - SATBH 
H'0044 the data processor of = reserved - SATB 


the present invention 


registers, it is preferable to check them and to cause an 
EIT to occur. If they are improperly checked, it is 
difficult to maintain the compatibility (especially, with 
lower grade chips) and an overhead for checking the 
bits takes place. Thus, except for PSW, the data proces- 
sor of the present invention does not check the unused 
bits. 
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Even for a chip with the registers whose functions 
are specified in <<L2> > (like CTXBFM), it does not 
check an error and does not always read data which is 
written. 

Although the bits are not checked, it is important for 
the user to note that the bits which are not used should 
be filled with ‘0’. 

A reserved function exception (RFE) occurs for 
PSW, if ‘1’ is written to the unused bit ‘—’. 

Bits ‘—’, ‘=’, and ‘*’ in the description of the control 
registers mean the following: 

‘—’ Reserved to ‘0’ (An exception occurs if violated.) 
‘+’ Reserved to ‘1’ (An exception occurs if violated.) 

Although ‘0’ or ‘I’ can be written to this bit, a re- 

served function error (RFE) in the instructions (such 

as LDC and LDCTX) occurs. 
‘=’ Reserved to ‘0’ (It is ignored if violated.) 
‘#’ Reserved to ‘1’ (It is ignored if violated.) 

Even if ‘1’ or ‘0’ is written to this bit, it is ignored. The 
operation when ‘0’ or ‘1!’ is written is the same as 
that when ‘1’ or ‘0’ is written. 

“* Any value can be written. 

The operation of hardware is the same as that when 
‘=’ or ‘#’ is written. Regardless of the value writ- 
ten, it is ignored. Unlike ‘=’ and ‘#’, this bit will 
not be used even if the function of the chip is ex- 
tended in further. Thus, the user can write any 
value to this bit. It is important for the user to note 
that this bit should be ignored and the bit mask 
process should be omitted. 

In IMASK, SMRNG, DI, DCE and CTXBFM, the 
unused bits are represented by ‘*’. In PSW, the unused 
bits are represented by ‘—’. In other control registers, 
the unused bits are represented by ‘=’. 

In PSB and PSM, the unused fields are also repre- 
sented by ‘—’. Thus, in LDPSB and LDPSM, a re- 
served function exception (RFE) occurs. 

If the bit being read is ‘—’, ‘0’ is read. If the bit is ‘=’ 
or ‘*’, the value obtained is unknown. Thus the cur- 
rently read value may be different fom the previously 
read value. 

A7-4 Contents of Control Registers PSW 349: shown 
in FIG. 327. 

Processor Status Word 

For details, see the related chapter in this specifica- 
tion. 

PSM,PSB 

These registers are the only user accessible low order 
two bytes which are extracted from PSW. They are 
accessed with the LDPSB, LDPSM, STPSB and 
STPSM instructions. Only PSB and PSM of the control 
registers can be accessed from any ring other than ring 
0. 

IMASK 350: shown in FIG. 328. 

This IMASK field, which can be independently ac- 
cessed, is extracted from PSW for a different register. It 
is used to simplify the operation of IMASK and to 
enhance its performance. Even if data is written to fields 
other than IMASK, it is ignored. 

SMRNG 351: shown in FIG. 329. 

This SMRNG field, which can be independently 
accessed, is extracted from PSW for a different register. 
It is used to simplify the operation of SMRNG and to 
enhance its performance. Even if data is written to fields 
other than SMRNG, it is ignored. 

CTXBB 352: shown in FIG. 330. 

Context Block Base 
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This register points at the base address of CTXB. It is 
used in the LDCTX and STCTX instructions. For ex- 
pansion to the data processor of the present Invention 
64, as well as in the data processor of the present Inven- 
tion 32, 8-byte alignment of CTXBB is required. Thus, 
the lower three bits of CTXBB are represented with 
‘===’. In other words, although they are reserved as 
0, violations are ignored. 
DI 353: shown in FIG. 331. 
This register shows DI (delayed interrupt) requests. 


DI = 0000 DI request after external interrupt (NMI) process 
with priority 0. 

DI request after external interrupt process with 
priority 1. 

DI request after external interrupt process with 
priority 2. 


DI = 0001 


DI = 0010 


DI request after external interrupt process with 
priority 15. 

DI = 1111 No DI request 

DI (delayed interrupt) is a mechanism which generates ex- 
ternal interrupt by software. It is effective for suspending 
various process requests which asynchronously occur and 

to serialize the process order. If there is a process to be 
started after an external interrupt with higher priority, 

the process can be automatically started by sending the 
request to DI. 7 

DI performs the same parocess as DCE for an external inter- 
rupt. When IMASK of PSW is changed by an instruction like 
REIT, the EIT process of DI is started if DI < IMASK. 


DI = 1110 


Even if the data is written to a field other than DI of 
the register, it is ignored. 

CSW 354: shown in FIG. 332. 

Context Status Word 

This register gathers the information which should be 
switched every context and which is not nested This 
register is composed of the DCE field which represents 
the DCE (delayed context exception) request and the 
CTXBFM field which represents the CTXB format. 
For the CTXBFM function, see Appendix 8. 

In the function of CTXBFM is not implemented, 
since the DCE register and CSW register deal with the 
same information, the CSW register may be not also 
implemented (an RFE occurs when accessed). At the 
time, although the CSW register is formally placed in 
CTXB, the DCE register is actually placed in CTXB. 

The relationship between CSW and DCE and be- 
tween CSW and CTXBFM is similar to that between 
PSW and IMASK and between PSW and SMRNG. 
CSW which compresses the information such as DCE 
and CTXBFM is placed to CTXB. In the data processor 
of the present invention, DCE=‘111’ is fixedly used. 

DCE 355: shown in FIG. 333. 

Delayed Context Exception 

The DCE field can be independently accessed is 
extracted from CSW for a different register. It is used to 
simplify the operation of DCE and to enhance its per- 
formance. Even if data is written to fields other than 
DEC, it is ignored. When the context is switched, it is 
transferred between CTXB and the DCE register in- 
stead of the CSW register if the CSW register is not 
implemented. When the context is saved, the bits repre- 
sented with ‘*’ become all ‘0’ and are written to CTXB. 
When the content is loaded, the bit values represented 
with ‘* are not checked. 

CTXBFM 356: shown in FIG. 334. 

Context Block Format 


5,201,039 


169 

The CTXBFM field, which can be independently 
accessed, is extracted from CSW for a different register. 
It is used to simplify the operation of CTXBFM and to 
enhance its performance. Even if data is written to fields 
other, it is ignored. 

This register is specified in <<L2>>. 

EITVB 357: shown in FIG. 335. 

EIT Vector Base 

The register represents the start of the physical ad- 
dress of EIT (exception and interrupt) vector table. The 
data processor 32 of the present invention, as well as the 
data processor 64 of the present invention, require 8- 
byte alignment for EITVB. Thus, the lower three bits 
of EITVB are represented with ‘===’. In other 
words, although they are reserved as 0, they are ignored 
if they are violated. 

JRNGVB 358: shown in FIG. 336. 

JIRNG Vector Base 

The register represents the start logical address of the 
vector table of the JRNG instruction. The table base 
address in JRNGVB, the data processor 32 of the pres- 
ent invention, as well as the data processor 64 of the 
present invention, require 8-byte alignment. Since the 
LSB of JRNGVB is an enable bit, when E is ‘0’, the 
execution of JRNG is inhibited. Thus, the low order 3 
bits of JRNGBV are represented with ‘==E’. Al- 
though the bits represented with ‘=’ are reserved as 0, 
it is ignored when violated. 

SPO 359 to SP3 360: shown in FIG. 337. 

SPI 361: shown in FIG. 338. 

IOADDR 362, IOMASK 363: shown in FIG. 339. IO 
Mask 
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When the address translation is not performed (AT of 3. 


PSW =00, 10), this register specifies the physical ad- 
dress of the I/O area. 

If the address translation cannot be performed when 
the system is started, the I/O area is specified using the 
two registers IOADDR and IOMASK, although in the 
address translation with MMU, the I/O area is specified 
by the NC bit of PTE. 

When the logical product by the physical address and 
IOMASK is equal to IOADDR, it is treated as the I/O 
area if the memory is accessed without address transla- 
tion. The data of the area is not fetched and pre-fetched 
to the cache and the memory access that the instruction 
requires just accords with the practical physical mem- 
Ory access. 

If the address translation is performed, the IOADDR 
and IOMASK registers are not used. If data cache and 
data prefetch are not conducted by the processor, it is 
not always necessary to use the IOADDR and 
IOMASK registers. 

UATB 364: shown in FIG. 340. 

Unshared region Address Translation Base 

For detail, see Appendix 3. 

SATB 365: shown in FIG. 341. 

Shared region Address Translation Base 

For detail, see Appendix 3. 

LSID 366: shown in FIG. 342. 

Logical Space ID 

A unique number which identifies the multiple logical 
spaces is placed. If TLB and logical caches in multiple 
logical spaces are used at the same time, this number is 
used. The number of bits available for LSID depends on 
the implementation. 
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Appendix 8 CTXB of the Data Processor of the Present 
Invention A8-] What is CTXB? 


The data processor of the present invention does not 
provide an MMU. The CTXB format that Data Proces- 
sor of the present invention will support has not yet 
between completely decided. 

If OS supports parallel processes such as tasks, pro- 
cesses and cell routines, the information on the hard- 
ware resource is required every program for parallel 
processes. Since such hardware resources are used in a 
time sharing manner, the hardware resource informa- 
tion for programs which are currently executed should 
be saved in the memory. 

In the data processor of the present invention, a pro- 
gram flow which is a unit of the parallel processes is 
named a context. The total hardware resource informa- 
tion saved in the memory is named a context block 
(CTXB). 

The CTXB space can be selected from logical space 
(LS) and control space (CS) as options of LDCTX and 
STCTX instructions. For ease of describing the O§, it is 
acceptable to use LS. For high speed operation of the 
contact switch and for accommodating the context 
switch in order to save memory in the chip, CS can be 
also used. However, CS will be specified when the 
context memory will be accommodated in future chips. 
Currently, the specification of CS is specified in 
<<L2> >, the data processor of the present invention 
has a CTXB base register (CTXBB) which stores the 
start address of CTXB for the currently executing con- 
text. 

Part of the CTXB format is supported by hardware 
with the LDCTX and STCTX instructions. 

The Data Processor 32 of the of the Present Inven- 
tion Standard CTXB Format 367: shown in FIG. 343. 

Generally, PC and PSW of the user program should 
be switched rather than those of the OS. However, PC 
and PSW of the user program are routinely saved in the 
stack when OS is evoked, because PC and PSW are 
placed in the stack in the above CTXB format. 

If the context is switched directly at the end of the 
external interrupt process handler which uses SPI, to 
realize the preceding CTXB format, it is necessary to 
transfer PC and PSW with different instructions. How- 
ever, in this case, with DCE and DI, when exiting from 
the external interrupt, the context can be switched. 
With this method, by specifying SPO using DCE and 
DI, the preceding data structure can be naturally real- 
ized. 
A8-2 Variation of CTXB 

The portions with ‘*1’ to ‘*5’ of information in CTXB 
vary depending on the system configuration. They are 
described as follows: 

The content and format of CTXB may be dynami- 
cally varied by the following causes (or every context). 

Configuration of OS and Presence/Absence of MMU 
(*1 to *3) 

Since the switching of SP1 to SP3 with the context 
switch may be meaningless, it may be not necessary to 
save SP] to SP3. In addition, it is not necessary to 
switch UATB and LSID in applications which do not 
use an MMU. 

(*1) Since in JRNG to RRNG an outer ring is saved in 
the stack of the inner ring, a value of SP for a more 
outer ring than the current ring is meaningless. For a 
contest switch which is executed only in ring 0, the 
value of SP1 to SP3 is meaningless. As SPO is 
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switched, SPI to SP3 are also indirectly switched 
since SP1 to SP3 are directly or indirectly saved in 
the stack of SPO. On the other hand, if the context is 
switched in TRAPA to REIT, SP1 to SP3 should be 
also switched. Thus, there are two cases where SP1 
to SP3 are included in CTXB. 

(*2) MMU is not accommodated. In the <<LIR>> 
specification, UATB is not required. 

(*3) LSID serves to identify multiple logical spaces. 
LSID is provided in the < <L2> > specification, so 
that there are two cases where LSID is inclined in 
CTXB. 

Assignment of General Purpose Registers to be Sa- 
ved(*4) If registers, which are not used for context 
and the working registers used for OS, are not 
saved and restored for CTXB, wasteful data trans- 
fer can be prevented, so that the context switch 
time is shortened. 

Presence/Absence of Co-Processor (*5) 

Although registers of FPU differ from the general 
purpose registers, it should be provided for conteat 
information. Thus CTXB may dynamically vary 
depending on whether the context uses FPU or 
not. 

For a CTXB which varies, the data processor of the 

present invention performs the following way. 

In the first version <<L1> > chips, only CSW, SO 
to SP3, and UATB are transferred with LDCTX and 
STCTX, while RO to R14 are transferred with the in- 
structions LDM and STM, so that (*4) is satisfied. 

The register (CTXBFM) which identifies the current 
CTXB format is provided for other variations of 
CTXB. This register holds the information of what 
CTXB contains and what LDCTX and STCTX trans- 
fer. The information of CTXBFM and that of DCE are 
treated as the CSW register. 

[{CTXBFM]368: shown in FIG. 344. 





FR Save the contents of the FPU registers. 

Save the contexts of the FPU registers which are pro- 
vided in the standard the data processor of the present 
invention. Especially, this function will be used when 
FPU will be accommodated in future chips. 

Save the contents of RO to R14. 

This function will especially be used when the context 
saving memory will be accommodated in the chip in fu- 
ture. 

Save the content of SP. 

SP = 00 Save the contents of SPO, SP1, SP2 and SP3. 
SP = O1 Reserved 

SP = 10 Save the contents of SPO and SP3 (for the 
<<LIR>> specification). 

SP = 11 Save only the contents of SPO. 

This function is sued when OS is evoked by JRNG and to 
prevent wasteful data transfer of SP] to SP3. In addi- 
tion, it is used when SP! and SP2 are not provided in 
<<LIR>>. 

Save the MMU related registers. 

MM = 00 Save the contents of UATB. 

MM = Ol Save the contents of UATB and LSID. 

MM = 10 Do not save the contents of the MMU related 
registers (for < <LIR> >). 

MM = 1! Reserved 2 

[The details of CTXBFM are still under consideration. ] 


RG 


SP 


MM 


In CTXB (in the standard format of <<L1>>), the 
contents of CSW (DCE, CTXBFM), SPO to SP3, and 
UATB are transferred with LDCTX and STCTX. This 
operation is specified by setting CTXBFM to all zeros. 
In the LDCTX instruction, the format following 
CTXB is determined by CTXBFM in CSW (in the new 
context being fetched from CTXB) and is loaded. 
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In the STCTX instruction, the specified value of the 
current CTXBFM is saved in CTXB. However, the 
function of CTXBFM is specified in <<L2>> for 
compatibility with future upgrades. 

In short, the fixed CTXB is specified in <<LI>>, 
while the variable CTXB (upgrade compatible) is speci- 
fied in <<L2>>. 

Since it is not necessary to transfer the contents of 
SP1, SP2 and UATB, these values are not included in 
CTXB for the <<L1R>> chips. The values of these 
registers includes in CTXB, can be selected by 
CTXBFM, however, the accommodation of CTXBFM 
becomes a burden to the chip. It is possible to directly 
specify the CTXB format by extra options for the 
LDCTX and STCTX instructions and to specify the 
availability of CTXBFM by extra options for the 
LDCTX and STCTX instructions. 

A8-3 Software Context 

Even process and every task includes the information 
where the OS is controlled by software. Since such 
information depends on the OS, it cannot be supported 
by hardware (LSTCTX and STCTX instructions). 
Such information is named the software context. In the 
case, of ITRON, for example, the task status, address of 
process routine upon termination, address of exception 
process, wakeup count, ring area for queue configura- 
tion, and so forth are included in the software content. 

If CTXB is placed in the logical space (LS), the hard- 
ware context such as general purpose registers can be 
treated as the software context. However, if a different 
space such as CS is used as the hardware context, it is 
necessary to place the software context at CS (in this 
case, the LDC and STC instructions are available) or to 
indirectly reference both the software context and hard- 
ware context by connecting the pointer. 


Appendix 9 EIT Process of the Data Processor of the 
Present Invention 


The outline of the EIT process is as follows, how- 
ever, the detail is still under consideration. 

The process which causes a regulator program execu- 
tion flow to be suspended by the hardware mechanism, 
and then which is asynchronously started, is called the 
EIT process in the data processor of the present Inven- 
tion. The EIT process breaks down into the following. 

Internal interrupt (trap) 

Exception Interrupt (exception) 

External interrupt (interrupt) 

The trap, exception and interrupt are classified depend- 
ing on where an EIT occurs from the programmer's 
viewpoint, rather than the mechanical differences in the 
implementation (differences in information saved in the 
stack). 

If the processor detects an EIT while executing the 
instructions, it suspends the execution of sequential 
instructions and starts the EIT process. When the hard- 
ware of the processor detects an EIT, it causes the 
status of the processor to be saved in the stack and starts 
the EIT handler. On the other hand, the EIT process 
handler serves to recover the error depending on the 
EIT, display the error message and perform the emula- 
tion. The EIT process handler is implemented in soft- 
ware. Most of the EIT processes issue the REIT in- 
struction at the end of the EIT process handler, exits to 
the former instruction queue being suspended and re- 
stores the process. 

Instructions which have not been defined, error de- 
tection for incorrect instructions, and emulation mecha- 
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nisms will all be enhanced by considering future up- 
grade compatibilities. Thus, if incorrect combination of 
instruction formats or an attempt to execute unimple- 
mented functions is made, they are treated as an error, 
so that an exception interrupt occurs. 

A9-1 Types of EIT 

The data process of the present invention generates 
the following types of EIT. 

[For memory and address} 

Page out exception (POE) The data processor 
of the present invention does not generate it. This EIT 
occurs if the PI bit of UATB, SATB, STE and PTE is 
0. It includes a page out, page table out, and section 
table out. It is a page fault exception. 

Address Translation Exception (ATRE) 

This EIT occurs if an error occurs during address 
translation. If the reserved bit pattern is used in STE 
and PTE, if the portion which is not used by UATB, 
SATB, STE and PTE or if the memory is referenced by 
violating the ring protection, EIT detailed information 
is distinguished by the information in the stack when an 
ATRE occurs. 

Bus Access Exception (BAE) 

This EIT occurs if no response takes place from the 
bus within a specified time while accessing an instruc- 
tion or operand or if the memory cannot be accessed. It 
is a bus error. 

Odd Address Jump Exception (OAJE) 

This EIT occurs if the jump address is odd. This 
exception occurs in instructions where the jump address 
is directly assigned as an operand (such as JMP and 
ACB), in instructions where the return address is ob- 
tained from the stack (RTS, EXITD, RRNG, and 
REIT) and in the JRNG instruction. However, this 
exception does not occur when starting the EIT pro- 
cess. If the new PC is odd when the EIT process is 
started, a system error exception (SEE) occurs. [JIRNG 
and EIT are still under development.]} 

[For Instructions and Arithmetic Operations] 

Privileged Instruction Violation Exception (PIVE) 

This exception occurs if a privileged instruction is 
executed from a ring other than ring 0. 

<<L1l>> Function Exception (L1E) 

This exception occurs if the <<L1> > function is 
executed in a processor which does not implement the 
<<LI> > function. In a processor which implements 
the < <LI> > function, this exception does not occur 
and the vector number for this EIT is reserved. 

Reserved Instruction Exception (RIE) 

This exception occurs if an instruction and the bit 
pattern of an addressing mode which are currently not 
assigned is executed. It is an undefined instruction ex- 
ception. This exception occurs. If: 1) the 64-bit size is 
assigned in data processor 32 of the present invention, 2) 
P bit is set to ‘1’, 3) and <<L2>> instruction which 
has not been implemented is executed, or 4) an option 
which has not been defined and implemented is as- 
signed. This exception also occurs if an addressing 
mode which is inhibited by an instruction (such as an 
assignment of immediate by the JMP instruction) is used 
or if an additional mode in any Jevel which has not been 
implemented. 

Reserved Function Exception (RFE) 

This exception occurs if the function being reserved 
for future extension is used in a bit pattern other than 
the instruction and addressing modes. 

A reserved function exception occurs. if: 1) ‘1’ is 
written to XA and the reserved (‘—’) bit for PSW, 2) 
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the reserved value (such as SM, RNG=001) is written 
to the field of SMRNG, or 3) ‘1’ is written to the PSM 
and PSB reserved (‘—’) bits with the non-privileged 
instructions (LDPSB and LDPSM). In addition, if a 
control register which has not been implemented is 
accessed or if “imask 2 16” is assigned with the WAIT 
instruction, a reserved function exception (RFE) oc- 
curs. 

The exception where an error can be determined 
using Only an instruction bit pattern (including the as- 
signment of addressing mode and size), is treated as a 
reserved instruction exception (RIE). However, The 
exception where the status is changed depending on 
address and operand value is treated as a reserved func- 
tion exception (RFE) when an error occurs. 

Co-processor Instruction Exception (CIE) 

This exception occurs if an instruction which is as- 
signed to the co-processor is executed while the co- 
processor is not connected. 

Co-processor Command Exception (CCE) 





.» Data Processor of the 
present invention does not generate it. 





This exception occurs if an error is detected in the 
interface with the co-processor. 
Co-processor Execution Exception (CEE) 





. .. Data Processor of the 
present invention does not generate it. 





This exception occurs if an error occurs in the execu- 
tion of a co-processor instruction. 

Ilegal Operand Exception (OE) 

This exception occurs if an illegal operand is as- 
signed. It also occurs if the width exceeds 32 (64) bits 
when a fixed length bit field instruction is assigned. 

Although a jump to an odd address and zero division 
are considered part of the illegal operand exception, it is 
broken down into different exceptions, Hlegal operand 
handling other than illegal operand exception and zero 
division exception, are not performed (comparison of 
upper bound and lower bound in the CHK instruction), 
An instruction is executed directly with a proper inter- 
pretation (if the count is larger in the shift instruction). 
However, if the result of the instruction being executed 
is illegal (such as an overflow), an EIT does not occur. 
In this case, V_flag is set and the instruction is termi- 
nated (instructions such as ADD and MOV) or no oper- 
ation is performed (such as an overflow in UNPKss). 

Decimal Illegal Operand Exception (DDE) 

In the signal decimal arithmetic operation instruc- 
tions, this exception occurs if data other than 0 to 9 is 
assigned as an operand. 

Although this exception is a quasi-illegal operand 
exception (IOE), it is classified as a different exception. 

Reserved Stack Format Exception (RSFE) 

This exception occurs if the number which represents 
the format of the EIT stack frame (FORMAT) cannot 
be processed by the REIT instruction when the contro 
exits from EIT. e 

Ring Transition Violation Exception (RTVE) 


... the data processor of the 
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-continued 


present invention does not generate it. 





This exception occurs if an illegal ring transition is 
attempted, such as a transition to an outer ring with the 
JRN instruction or a transition to an inner ring with the 
RRNG instruction. 

If the page containing JRNGVTE is referenced with 
the JRNG instruction in an area which is not used, a 
not-used area reference error of the address translation 
exception (ATRE) rather than a ring transition viola- 
tion exception (RTVE) occurs. 

Zero Divide Exception (ZDE) 

This exception occurs if the division by zero is per- 
formed. 

For Debug 

Debug Exception (DBE) 

This exception occurs in debugging operations. It is 
an exception for executing the single step and setting a 
breakpoint of an instruction. The details of the specifi- 
cation are in <<LV>>. 

For Trap 

Trap Instruction (TRAPA) 

This trap occurs with the TRAPA instruction. There 
are 16 types of EIT vectors for TRAPA in accordance 
with the operand vectors of TRAPA. 

Conditional TRAP Instruction (TRAP) 

This trap occurs with the TRAP instruction. 

DCE, DI 

Delayed Context Exception (DCE) 

This exception occurs if the value of the DCE field in 
the CSW register (or DCE register) is smaller than that 
of the SMRNG field in PSW. This exception is effective 
for processing various asynchronous events (comple- 
tion of I/O) depending on the context. 

Delayed Interrupt (DI) 

This interrupt occurs if the value of the DI field in the 
DI register is smaller than that of the IMASK field in 
PSW. This EIT is effective in processing an asynchro- 
nous event which is independent of the context. 

There are 15 types of EIT vectors for the DI process 
every interrupt priority. 

Although this EIT is an exception because it occurs 
by executing an instruction such as the REIT instruc- 
tion, it is an interrupt because it is started irrespective of 
the context being executed. 

Although PSW (which includes the IMASK field) 
depends on the context, only the IMASK field is usually 
used independent of the conteat. 

Others 

Reset Interrupt (RI) 

This interrupt is set by an external reset signal. 

System Error Exception (SEE) 

This exception occurs if a fatal error occurs during 
the EIT process. 

Interrupt 

External Interrupt (EI) 

This interrupt is set by # hardware signal from an 
off-chip sourse. Generally, the external interrupt is 
checked at the end of each instruction. However, in 
Data Processor of the present Invention, there are high 
level instructions where the upper limit of the execution 
time is not determined (variable length bit field instruc- 
tions, string instructions and the QSCH instruction). In 
these instructions, an external interrupt can be accepted 
during execution of an instruction. 

Fixed Vector External Interrupt (FVEI) 
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This interrupt is set by a hardware signal from off- 
chip. Each EIT vector is determined for every priority. 
It is an auto vector interrupt. 

Reserved exceptions, illegal exceptions, and violation 
exceptions are distinguished as follows. 

Reserved XXX Exceptions 

These exceptions may be removed in future expan- 
sions, They may differ depending on the manufacturer’s 
implementation. 

Illegal XXX Exceptions 

Unlike reserved exceptions, even with future function 
extension, these exceptions will remain. They are the 
same regandless of the manufacturer’s implementation. 

XXX Violation Exceptions ; 

In order to protect rings, the execution is restricted. 

Others 

Exceptions include such as the OS and system config- 
uration and those over multiple classifications. 

A9-2 Operations of EIT 

When a processor detects an EIT, EIT processing is 
performed under the following procedures, where reset 
interrupt (RI) and system error exception (SEE) are 
different in operation from the above. The following 
description is limited to the data processor 32 of the 
present invention, the data processor 64 of the present 
invention having possibility to differ in parameters or 
the like. 

(El) Formation of Vector Number 

A processor forms therein the vector number corre- 
sponding to its EIT, where for external interrupt (EI), 
the EIT vector number is obtained from the off-chip, 
such as a peripheral LSI. 

(E2) Read of EITVTE 

In the data processor of the present invention, a table 
showing correspondence of the head address of the EIT 
process handler with the EIT vector number is called 
the EIT vector table (EITVT), one entry of which is 
called EITVTE. The EITVTE in the data processor of 
the present invention consists of 8 bytes in consideration 
of the degree of freedom and expansion/ in the EIT 
processing. In the EITVTE not only the head address 
(PC) of the EIT process handler but also partial field of 
PSW can be set. Hence, EITVTE is of quasi-structure 
to PC+ PSW. Format of EITVTE 369 is as shown in 
FIG. 345. 

VS (Vector (SM): SM after the EIT processing, 
where VS is not directly SM after the EIT processing. 
Details will be discussed below. 

VX (Vector XA): XA after the EIT processing, 
which is now reserved to 0 at present (negligible 
when contrary). 

VAT (Vector AT): AT after the EIT processing. 

VD (Vector DB): DB after EIT processing. 

VIMASK (Vector IMASK): IMASK after the EIT 
processing, where VIMASK is not directly 
IMASK. Details will be discussed below. 

VPC (Vector PC): PC after the EIT processing. 

‘=’; reserved to 0. (negligible when contrary) 

‘: reserved to 0. (system error exception occurs 
when contrary) 

The processor reads EITVTE presented by the physi- 
cal address of “(EIT Vector Number) x 8+ EITVTB.” 
The EI vector number formed at (E1). 

(E3) Update of PSW 

PSW, on the basis of EITVTE, is updated as follows: 
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[Except for External Interrupt} 
min (VS, old SM) ==> new SM 


EIT generation, SPI is used for EIT process handler 
regardless of VS. Such specification is because of con- 
sideration of a case where EIT nests. 


Oid RNG ==> new PRNG 
00 ==> new RNG 


. EIT process handler is inevitably executed by the 
ring 0. 

EITVTE has unused bits so that it is possible to spec- 
ify in the future EIT entering into a ring other than the 
ring 0 in the future. 





VX ==> New XA 
At present, fixed to 0. 
VAT ==> New AT 





During the execution of EIT process handler, the exis- 
tence of address conversion can be switched. 


~ 





VD ==> New DB 





During the execution of EIT process handler, the envi- 
ronment of debug can be changed-over. 


min (VIMASK, Old IMASK) = => New IMASK 


Even when the exception interrupt or the internal inter- 
rupt causes EIT, IMASK can be operated in the EIT 
processing. Using this function, the external interrupt 
can be inhibited simultaneously with start of EIT pro- 
cessing. Accordingly, this function is available for a 
process (for example, transfer of stack frame formed by 
EIT) which is carried out inseparately from EIT pro- 
cessing. 


[External] Interrupt] 
min (VS, old SM) ==> new SM 
Old RNG ==> New PRNG 
00 ==> New RNG 
VX ==> New XA 
VAT ==> New AT 
VD ==> New DB 
min (VIMASK, Priority of the generated external 
interrupt)= = > New IMASK 


Only this portion is differert from the case other than 
the external interrupt. 

This function can inhibit multiple interrupts of low 
priority. In addition, by the function of interrupt mask, 
the relation of the priority of generated external inter- 
rupt <old IMASK should hold. 

(E4) Save of Processor Information to Stack 

Old PC, old PSW prior to EIT generation and the 
various information (including EITNIF-EIT vector 
and stack format regarding the generated EIT) are 
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saved to the stack. The stack used for the save is se- 
lected by new SM and new RNG (=00), the stack 
frame 370 formed at this time is as shown in FIG. 346. 

EITINF charges into 32 bits the information, such as 
stack frame format (FORMAT), EIT type (TYPE) and 
EIT vector number (VECTOR) formed by generated 
EIT. The existence and the contents of the added infor- 
mation are different in the kind of EIT from each other. 
The REIN instruction is performed using the FOR- 
MAT in the EITINF obtaining the information for 
returning to the instruction sequence prior to EIT. 

In addition, the EIT stack frame formed in the data 
processor 64 of the present invention, is expected to 
consist of two long words; one long word for old PC, 
one long word for old PSW and EITINF. 

EITINF is placed adjacent to PSW in consideration 
of maintaining alignment for the data processor 64 of 
the present invention. The reason for placing PSW at 
the stack top is that the XA bit saved in the stack is 
adapted to be readable, even when the data processor 64 
of the invention has 32 bit context and 64 bit context 
mixed with each other in the future. 

(E5) Start of EIT Process Handler 

Transfer VPC to PC so as to start EIT process han- 
dler. If an EIT occurs at the instruction prefetch, the 
EIT processing is delayed until the instruction to be 
fetched is required. 

On the contrary, REIT instruction at the last of EIT 
process handler is processed as follows and then re- 
tuned to the prior instruction sequence. 

(R1) Read from Stack 

Old PSW nd EITINF are read from the stack. When 
XA bit in the PSW is 0, the context (task or process) 
generating EIT consists of 32 bits, whereby oil PC is 
continuously read at 32 bit width from the stack. In 
addition, the data processor 32 of the present invention 
has all 32 bit contexts. 

Furthermore, the existence of the added information 
is decided By FORMAT in EITINF, so that when the 
same exists, it is read from the stack. The added infor- 
mation includes EXPC, IOINF, ERADDR, ERDATA 
and SPI, the detailed meaning thereof depends on the 
implementation. 

When FORMAT is of a value not supported by the 
processor (a value not to be generated by EIT), re- 
served stack format exception (RSFE) occurs. 

(R2) PSW Restoration 

Using the old PSW read from the stack, all the fields 
(SMRNG, XA, AT, DB, IMASK, PSW and PSB) of 
PSW is restored to the prior value of EIT generation, at 
which time if the old PSW includes the reserved value, 
the reserved function exception (RFE) occurs. 

(R3) Reexecution of Storage Buffer (depending on 
the implementation) 

Reexecution of write cycle caused by the storage 
buffer generating the former EIT in the REIT instruc- 
tion may be carried out depending on the values of 
FORMAT and added information, ERADDR and ER- 
DATA in the added information of the stack are used as 
the address and data information for execution of write 
cycle. Refer to item of EIT type description in detail. 

In addition, it depends on the implementation of the 
processor to reexecute the storage buffer. 

(R4) Return to Instruction Sequence executed when 
EIT is detected. 

Restore oi] PC read from the stack to PC and restart 
the instruction included by PC. 
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At this time using the TYPE field in EITINF, the 
EIT type is changed to be next accepted. Such function 
is utilized for consistently performing the multiple EIT 
processing and for exactly carrying out single step oper- 
ation of instruction inclusive of execution by emulation. 

In addition, the VECTOR field in EITINF is not 
particularly used for the REIT instruction. In spite of 
this, VECTOR is included in EITINF because the in- 
formation is provided with respect to the program of 
EIT processing handler. 

A9-3 Types of EIT 

EIT of the data processor of the present invention is 
classified paying attention to the position of PC when 
the execution is restarted after completion of EIT pro- 
cessing and to the priority of EIT processing, the fol- 
lowing classification is obtained, which corresponds 
directly to a value of the TYPE field in EITNIF. 

Instruction Interrupt Type EIT (Type=0, PC unde- 
fined) 

When the EIT occurs, the EIT is immediately de- 
tected to enter into the EIT processing. In the case of 
this EIT type, returning to the instruction sequence is 
not possible. RI, SEE correspond to the EIT. 

' Instruction Completion Type (Type = 1 to 3, PC next 
Instruction) 

The EIT, when generated, is detected after the in- 
struction processing under execution at that time, and 
then enters the EIT processing. Generally, REIT in- 
struction is executed at the last of EIT process handler 
for the EIT, thereby enabling the next instruction to 
that executed during generation of EIT to start reexecu- 
tion. In addition, TYPE=1 to 3 is distinguished by the 
relation of priority, to which TRAP, TRAPA, DBE, 
DI and DCE correspond. 

Instruction-Reexecution-Type REIT (TYPE=4, PC 
present instruction) 

In this EIT case, the statuses of the processor and the 
memory are restored to the prior statuses of the instruc- 
tion interrupted by the EIT. Generally, REIT instruc- 
tion is executed at the last of EIT process handler for 
the EIT, whereby the instruction execution can be re- 
started from the instruction executed when EIT oc- 
curred, to which POE, ATRE, BAE, RIE, RFE, PIVE 
and IOE correspond. 

The instruction-completion-type EIT relates to the 
instruction previously executed, and the instruction- 
reexecution-type EIT relates to the instruction under 
the present execution. Accordingly, when a plurality of 
EITs are generated simultaneously, the instruction- 
completion-type EIT must be processed in advance of 
others. The instruction interrupt type EIT has high 
priority. When such EIT is detected, it is not reasonable 
to process other EITs. 

Hence, when the instruction-interrupt-type-EIT and 
other EIT are simultaneously generated, the instruc- 
tion-interrupt-type-EIT must firstly be processed. After 
all, the priority, when plurality EITs are simultaneously 
generated, is given : 


instruction interrupt type < instruction completion 
type <instruction reexecution type, 


resulting in that TYPE=0 to 4 of EITINF directly 
indicate the priority of EIT. 

The correspondence of the kind of EIT to TYPE is 
clearly decided as for RI, TRAP, but it depends on the 
implementation somewhat. 
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Accordingly, when the factor of EIT is analyzed by 
software, it is better not to be referred or rewritten the 
TYPE field. 

For example, the page out exception (PDE) is the 
instruction-reexecution-type-EIT, which usually be- 
comes TYPE=4. However, in the processor which 
implements a store buffer for memory write, when POE 
occurs at the last write cycle in a instruction (using the 
store buffer), the instruction need not be reexecuted 
from the beginning, but the last write-in cycle only is 
corrected, whereby no conflict occurs in processing. 
Hence, POE at such case is of instruction-completion- 
type so that the processing of the last write cycle caus- 
ing an error may be carried out in REIT instruction. In 
this case, POE is classified into the TYPE=1 troup. PC 
stacked by EIT processing is not the PC of the POE 
occurring instruction but the next instruction. 

In the instruction-reexecution-type, when an error 
occurs during the execution of instruction, it is the prin- 
ciple to restore the state as before instruction execution 
and start the EIT process (TYPE=4). However, when 
an error occurs just before completion of instruction, 
the instruction is assumed to be once completed to start 
EIT of TYPE=1 and the remaining processing (write 
cycle of storage buffer)depends on REIT instruction, 
such implementation being possible. If such method is 
utilized, TYPE in POE includes two of 1 and 4. In this 
case, since the processing necessary for REIT instruc- 
tion depends on the TYPE, the REIT instruction 
should correspond to the EIT type. 

For this method, the data processor does not reexe- 
cute the instruction entirely with respect to the EIT 
caused by the error occurring at the last write cycle of 
the instruction, but reexecutes the last write cycle only. 
In this case, ERADDR or ERDATA saved in the stack 
as the EIT added information corresponds to the inter- 
nal information saved for executing the instruction con- 
tinuously. 

A9-4 Stack Format of EIT 

When an EIT is detected, the information for the EIT 
process is saved in the stack. The stack format 371 is 
shown in FIG. 347. 

“Other information” depends on the stack format of 
each EIT. It includes the information which is used to 
analyze the cause of EIT and which is restored from the 
EIT handler. The stack format correspondence 372 is as 
shown in FIG. 348. 

PC: Start address of the instruction to be executed 

after exiting from EIT by the REIT instruction. 

EXPC: PC of the instruction which is executed when 

an EIT is detected. If a debug exception relating to 
the PC breakpoint occurs, the PC value of the 
instruction just preceding the instruction whose 
PC value is the same as the breakpoint to be exe- 
cuted. 

IOINF: Information relating to I/O 

Error Addr; Address of the bus cycle which causes 

an EIT to occur. 

Error Data: Bus cycle data which causes an EIT to 

occur (only write). 

SPI: SPI value if an EIT is detected 

Format No. 0: Reserved instruction exception, re- 

served function exception, reserved stack format 
exception, ring transition violation exception, odd 
address jump exception, <<L1>> function ex- 
ception, co-processor instruction exception, fixed 
vector external interrupt, delayed interrupt excep- 
tion, external interrupt 
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Format No. |: Bus access exception, address transla- 

tion exception 

Format No. 2: Debug exception, privileged instruc- 

tion violation exception, zero divide exception, 
illegal operand exception, conditional trap instruc- 
tion, trap instruction 

Format No. 3: All DBG EIT’s 

EXPC is introduced for the following purposes: 

Provision of error analysis information 

When EIT of TYPE= 1 occurs during the write-in of 

storage buffer, EXPC specifies the instruction car- 
rying out the write-in, PC having proceeded ahead. 

In debug exception, PC specifies the next instruciton, 

EXPC species the former instruction. Accord- 
ingly, for example, when the debug exception is 
adapted to start during the execution of jump in- 
struction, a value of PC before the jump can be 
obtained by EXPC and that after the jump by PC. 

Multiple EIT Processing 

In the case of EIT, such as TRAPA of TYPE=1, the 
information of EXPC is not required in the process 
handler. However, when EIT (such as TRAPA) of 
TYPE=1, and EIT (such as debug exception) of TY- 
PE=2 occur simultaneously, in EIT of TYPE=1, 
EXPC used as TYPE=2 must be saved. For this pur- 
pose, EPC is saved even in TRAPA. , 

In this case, EXPC after execution of REIT instruc- 
tion with respect to TRAPA processing does not spec- 
ify the start address of REIT instruction, but must spec- 
ify the restored value of old EXPC popped up from the 
stack. In other words, when the pending debug excep- 
tion starts just after starting the REIT instruction, 
EXPC saved to the stack does not specify the PC of 
REIT instruction but must specify the PC of TRAPA 
instruction (this example assumes that the debug excep- 
tion is masked by EIT*’TE of TRAPA). Also, structure 
373 of IOINF is as shown in FIG. 349. 


=; reserved to ‘0’. 

W41: indication of write retry at REIT instruction 

This bit is available for EIT of memory access series 

(TYPE=}) 
W1=0 
Wi=1 

MEL: 


write retry necessary 
write retry unnecessary 
the state where address translation exception 
occurs 
0000 no error 
0001 error regarding access right 
0010 to 1110 (reserved) 
il access error regarding 1/0 region 
MEC: error code of error related to memory access 
0000 no error 


0001 unused region reference error 
0010 (reserved) 
0011 {reserved) 
0100 ring protection violation error regarding read 
0101 ring protection violation error regarding write 
01/0 ring protection violation error regarding 
execution 
0111 (reserved) 
1000 unable bus access when read 
1001 unable bus access whep writing 
1010 (reserved) 
1011 (reserved) 
1100 (reserved) 
1101 memory indirect addressing in I/O region 
1110 instruction execution in 1/O region 
ni read access across 1/O region and other regions 
write across 1/O region and other region 
RW: bus cycle type 
RW=C0 __ write 
RW=1 read 
BL: bus lock condition 


BL=0 not under bus locking 
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-continued 


BL=1 under bus locking 


PA: space specification 


PA=0 (reserved) .. . logical space (address 
conversion) 
PA=1 physical space (non address conversion) 
AT: access type of bus cycle in which EIT occurs 


AT=000 Data 

AT=001 Program 

AT=010 Interrupt vector fetch 

AT=OIt to 111 (reserved) : 
Data size when write retry is carried out 


SIZ: 
0000 (reserved) 
000) I byte 
0010 2 bytes 
0011 3 bytes 
0100 = 4 bytes 


0101 to 1311 (reserved) 


A9-5. EIT Vector Table 374 of the Data Processor of 
the Present Invention: refer to FIG. 350. 

Entry of EIT table regarding the reset interrupt and 
EIT (No. 0 to 5) of DBG mode comprises an SPI value 
and a PC value. Entry of EIT table regarding other 
EITs comprises a PSW value and the PC value. 

An initial value of EITVB is ‘FFFFFOO0' at the reset 
state, whereby the reset interrupt fetches entries (SPI, 
PC) from physical address ‘FFFFFO000’. 

A9-6. Error during EIT processing 

When a serious error such that another EIT occurs 
during the EIT processing (from the occurrence of EIT 
to the setting of new PSW through save in condition), 
system error exception (SEE) is provided. Bus access 
exception accompanied by EITVTE, old PC, page 
absence exception of stack accompanied by save of old 
PSW, and address translation exception have possibility 
of being system error exception (SEE). Also, when 
LSB of a word including VPC of EITVTE is ‘1’, the 
system error exception is provided. 

The system error exception (SEE) occurs regardless 
of the use of stack of either of SPI and SPO. When the 
page out exception occurs at the stacks SPO, the EIT 
processing does not continue by changing over to the 
stack SPI or the stack specified by EITVTE of the page 
absence exception. 

Meanwhile, since ring transition by JRNG is not 
EIT, when the page out exception occurs during the 
JIRNG processing, the stack specified by EITVTE of 
page out exception is used to carry out the EIT process- 
ing of page out exception. At this point, it is necessary: 
to take care because TRAPA included in EIT process- 
ing and JRNG not included therein are different by one 
level in the step to be a system error 375 (refer to FIG. 
351). 

Anyway, it is necessary for OS programming to as- 
sign the stack region specified by SPI to the permanent 
region of the memory and also the stack region speci- 
fied by SPO except for the particular use too. 

A9-7. Multiple EIT , 

Detection of EIT and processing with respect to 
thereto, except for EIT of TYP=0, are carried out at 
the end of each instruction. Accordingly, there is possi- 
bility of simultaneously detecting a plurality of EITs at 
the end of instruction in certain cases, which is called 
the multiple EIT. Herein, the multiple EIT processing 
order will be described. 

For example, in the case where TRAPA of TYP=0 
and external interrupt (EI) of TYP=3 simultaneously 
occur, at first, EIT processing is carried out with re- 
spect to TRAPA and the EIT processing continues 
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with respect to EI. As a result, stack PC 376, PSW 377 
and stack 378 are as shown in FIG. 352. 

Hence, in this example, after the end of EIT process- 
ing, at first EI process handler is executed, After the 
end of EI process handler, the REIT instruction placed 
at the last thereof, the step transfers to the TRAPA 
processing handler at a lower level. In other words, the 
TRAPA process handler of higher priority is deferred. 

However, since EIT processing of TRAPA precedes 
in the above example, PSW is changeable to mask EI. In 
other words, when EITVTE of TRAPA specifies 
VIMASK <EI Priority, IMASK is changed in the EIT 
processing TRAPA, thereby not performing the EIT 
processing with respect to EI. In this case, the TRAPA 
process handler is executed. When IMASK is restored 
to the original value by the last REIT instruction of the 
handler, the EI masked is started. 

Thus, EI masked by up-date of PSW during the EIT 
processing of high priority (of small number TYPE) 
comprises TYP =2 to 3 of EIT, such as, DBE, EI, Dl, 
and DCE. On the contrary, EIT capable of being 
masked (EIT capable of holding processing demand) is 
of TYP =2 to 3 of low priority. 

On the contrary, for TRAPA, the register and for 
holding request of EIT processing are not at all pre- 
pared. Since PC proceeds to the next instruction, 
TRAPA instruction cannot be reexecuted. Hence, un- 
less the EIT processing is performed just after execu- 
tion of TRAPA instruction, the request for EIT pro- 
cessing is lost. For the purpose of preventing this, 
TRAPA is TYP=1 of high priority. 

The EIT of TYP=4 is for reexecuting the instruction 
so the when the same instruction is once more executed 
after completion of processing with respect to other 
EIT, the same EIT again occurs, whereby EIT of in- 
struction-execution-type (TYP=4) is 0. the lowest pri- 
ority. Accordingly, for the multiple EIT, EIT of 
TYP=4 need not be performed. The request of starting 
EIT of TYP=4 is canceled by detection of TYP=1 to 
3 | simultaneously occurring. 

The above is different from EIT accepted just after 
REIT instruction execution. The REIT instruction 
adjusts EIT accepted just after completion of REIT 
instruction by TYPE of EITINF hopped from the 
stacks. The TYPE of EIT accepted 329 after REIT 
instruction execution is as shown in FIG. 353. 

Among the above, TYPE=2 is debug exception 
(DBE). It is meant that the debug exception is not ac- 
cepted just after completion of REIT instruction execu- 
tion during the EIT processing with respect to the 
debug exception. It is for single step execution every 1 
instruction that treatment of debug exception of TY- 
PE =2 is different as to whether or not the debug excep- 
tion is just after REIT instruction execution. In this 
case, if the debug execution again occurs just after 
REIT instruction with respect to the debug exception, 
the debugged program is not at all promoted of execu- 
tion resulting in that the debug exception only continu- 
ously occurs. Accordingly, the above-mentioned mech- 
anism is adapted not to create the debugging exception 
just after REIT instruction, but to create the same after 
one instruction execution. 

Generally, it is necessary for single step execution to 
have two internal conditions of executing the next in- 
struction or starting the debugging exception. The data 
processor of the present invention is considered to rep- 
resent the two conditions by combination of the internal 
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condition as to whether or not it is just after REIT 
instruction execution with TYPE of EIT. 

In addition, the single step execution on the basis of 
such consideration is applicable to the occurrence of 
other EIT simultaneously with the occurrence of debug 
exception. 

When the EIT process handler of reserved instruc- 
tion exception (RIE) carries out instruction emulation, 
differently from the process handler with respect to 
other EIT (such as page out), the debug exception 
should start before and behind the RIE process handler. 
For example, when usual instructions—and debug ex- 
ception—-page out exception is after the single step 
execution, it is necessary to nextly execute the usual 
instruction, but when usual instruction debug excep- 
tion-—reserved instruction exception (emulation), 
nextly the debug exception starts. The reason for this is 
that while the debugger or debug objective program 
does not at all view the page out exception, the emula- 
tion exception must be viewed as “execution of one 
instruction” for the debugger objective program. 

For the data processor of the present invention, 
TYPE of EITINF is adjusted in the EIT process han- 
dler of reserved instruction exception so as to enable the 
aforesaid operation. 

A9-8 DI of “Data Processor of the Invention” 

A9-8-1 DI Operation 

DI (delayed interrupt) of the data processor is an EIT 
occurring when the DI field in the DI register is of 
smaller value than that of IMASK field in PSW. Such 
function is effective when the asynchronous matter 
independent of the context is made pending so as to 
register the processing request only or when the process 
order is serialized. 

The EIT vector for DI processing is prepared of 15 
kinds every interrupt priority. The relation between the 
IMASK value 380 and the external interrupt allowable 
381 when the flag variation occurs is as shown in FIG. 
354. : 

It is necessary when IMASK is larger or DI is smaller 
to check whether or not DI is started. Accordingly, the 
following instructions correspond to the above: 


LDC src, @ psw; psw is address of PSW in the 
control space. 

imask is address of imask in the 
control space. 


LDC src, @ imask; 


LDC src, @ di; di is address of DI in the 
control space 

REIT 

WAIT 


Among the above, for other than LDC src, @di, a 
value of DI field prior to execution of these instructions 
becomes the level of started DI (priority) . The DI level 
affects the vector member of EIT started as DI. Also, 
when LDC src, @di starts DI, the DI level to be started 
is not the DI field value prior to LDC execution but the 
DI field value (src) newly set by LDC. 

In addition, IMASK may change even when EIT has 
started (entirely including external interrupt, exception 
and TRAP), in which DI is not started because the 
IMASK value does not. increase. , 

When DI is started, DI field is reset to 1111 (non 
request). Also, the IMASK field changes similarly to 
the occurrence of external interrupt to treat the ac- 
cepted DI level as priority. 

In brief, 
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min (VIMASK, accepted DI level) = = > new IMASK, is 
obtained. 


A9-8-2 Example of Using DI 

Example; delayed dispatch of the Data Processor of 
the present invention 

The Data Processor of the present invention, when 
the system call issued from the external interrupt pro- 
cess handler changes the state of ready queue, delays 
until the following dispatching (such as replacement of 
the register or the like) returns from the interrupt pro- 
cess handler, which is for avoiding conflict accompa- 
nied by the multiple interruption. Such delay is realized 
by D1 function. 

Prerequisite 

System call specified VIMASK = 14 at EITVIE of 
TRAPA, which is for carrying out the last dispatching 
of system call processing by the D1! function. 

The portion for processing dispatching is started by 
DI14. 

‘|’ represents the state under execution and ‘ 
state of intermitting execution. 

General System Call Processing 382 

This is shown in FIG, 355. 

System Call from External Interrupt Handler 383 

This is shown in FIG. 356. 

If D1 function is used, the delayed dispatch process- 
ing can readily be realized, and can easily cope with the 
occurrence of the multiple interrupt or the next of sys- 
tem call. 

A9-9 DCE of DATA Processor of the Present Inven- 
tion 

A9-9-1 Operation of DCE 

DCE (Delayed Context Exception) is an EIT occur- 
ring when smaller in a value than the DCE field in the 
DCE register (or CSW register). This function is effec- 
tive when the processing of asynchronous matter (com- 
pletion of input output or the like) regarding the context 
is made pending so as to register the processing request 
only, or when the process order is serialized. 

DCE field in DCE register (or CSW register) is the 
field for accepting the DCE request. 

Since the DCE register (or CSW register) is an inher- 
ent register every context, it is possible to give separate 
DCE request to each context. Since DCE follows each 
context, DCE is not started during the processing of 
external interrupt independent from the context. 

Also, even when DCE of higher priority is request by 
other context A, unless dispatched by the context A, 
DCE of context A is not started. Even if the DCE 
request from another context B is lower in priority than 
the above, DCE of context B is firstly started. 

The relation 384 between the value of DCE field and 
DCE started at that time is as shown in FIG. 357. 

In every case, DCE is started in SMRNG> DCE. 

When (reserved) is specified, it actually acts as the 
same as DCE=000, where the programming utilizing 
this function should not be performed for the future 
extension. 

When SMRNG is larger or the value of DCE field is 
smaller, there is possibility to start DCE. Accordingly, 
for the following instruction corresponding to the 
above condition, it is necessary to check whether or not 
DCE starts. 
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LDC src @ psw; psw 1s address of PSW in the control 
space. 
smrng is address of SMRNG in the 


control space. 


LDC src @ smrng; 


LDC src @ csw; csw is address of CSW in the control 
space, where CSW may not be provided. 

REIT 

RRNG 


In addition, when EIT starts (including all the exter- 
nal interrupt, exception and TRAP) and JRNG is exe- 
cuted, SMRNG may change, but for EIT or JRNG, the 
value of SMRNG does not increase, whereby DCE is 
not started. 

DCE is started as one EIT processing. When EIT of 
DCE is started, DCE field is reset to 111 (no request). 
the SMRNG field, as the same as general EIT process- 
ing, changes following EITVTE allotted to the vector 
number of DCE. Since DCE is processed every con- 
text, the started EIT process handler usually uses not 
SPI but SPO. It is possible to enter MS=0 (using SPI) 
at DCE processing due to setting of EITVTE, which is 
disposed as the problem on equipment operation and 
hardware is not particularly checked. When DCE is 
started by the REIT instruction or the RRNG instruc- 
tion, the actual processing to start DCE may be per- 
formed simultaneously with REIT or RRNG, but in 
specification of operation, EIT is adapted to start after 
REIT or RRNG is once executed. For example, when 
DCE=110, RRNG returns from ring | to ring 3, then 
DCE is started to enter ring 0, at which time RRNG 
must be ring 3 but not ring 1. DCE is compared with DI 
or external interruption 385 as shown in FIG. 358. 

In the case where the input-output is informed of 
completion, the flow of starting the corresponding con- 
text DCE in the external interrupt processing routine 
may be caused. 

It is not impossible to simulate DCE by software, but 
since generally PSW or PC saved on the stack must be 
changed, the simulation is fairly troublesome, because 
the interrupting program must be informed of all the 
stack format of the interrupted program. 

A9-9-2 Nest of DCE 

DCE, if the multiple next is formed, is more effective. 
Hence, when a plurality of DCE requests occur, it is 
problematical how they are processed. 

The data processor of the present invention is in- 
tended to process the nest by software. 


<<plural DCE request queuing processing example > > 
{when setting DCE request] 

if (DCE=111), then 

new DCE request ==> DCE field 

/* when DCE request only /* 

ake. ; 
newly created DCE request enters into DCE request queve 
constituted in the order of rings. 

endif 
{when processing DCE} 

/* when DCE starts, 111==> DCE is obtained by 

hardware. 

if (DCE request queue is not empty), then the next 
entry of DCE request queue is set to the DCE field. 

endif 





A9-9-3 DCE Using Example 

Example: start of input-output management program 

The input-output completion is informed by external 
interrupt so that the input-output management unit (ring 
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1) 386 is to be started asynchronously with respect to 
the process A (refer to FIG. 359). ‘|’ represents condi- 
tion during the execution, and‘ ’ represents condition 
of intermitting the execution. 

Starting address of (1) is to be specified every process 
(context), but actually the EIT processing vector at 
DCE in common to the processes, whereby it is neces- 
sary that DCE request table every process is analyzed 
by OS and jumps thereto. 

In this drawing, when the external interrupt occurs, 
the process A happens to be executed. When the exter- 
nal interrupt of input-output occurs during the execu- 
tion of other processes, the start of input-output man- 
agement unit at the ring 1 is delayed until dispatch to 
the process A is carried out. 


Appendix 10 Instruction Bit Pattern of Data Processor 
of the Invention 


Cautions Regarding Notation 
The notation of the instruction bit pattern is as fol- 
lows: 





reserved to 0 (exception occurs when contrary) 
reserved to | (exception occurs when contrary) 
If the bit is O¢1), the processing is normal and if 
it is 1(0), the reserved instruction exception (RIE) 
occurs. 

Soe reserved to 0 (negligible when contrary) 

‘* at Ver 0.87. 

reserved to 1 (negligible when contrary) 


In the user’s manual it is written clearly to keep the 
bit 0(1) for the furture expansion, where actually the 
operation is the same even when the bit is 0(1) or 1(0). 

The “negligible when contrary” is not so preferable 
for the architecture, which may be inevitable for the 
instruction bit pattern allocation, future expansibility 
and high speed execution of the instruction. 

‘ "*: reserved to 0 (operation is not guaranteed when 
contrary) 

‘I’: reserved to 1 1 (operation is not guaranteed when 
contrary) 

In the user’s manual, it is written clearly to keep the 
bit 0(1) for future expansion. The operation is normal 
when the bit is 0(1), but if the bit is 1(0), the operation is 
depend on the implementation. 

The “operation is not guaranteed when contrary” is 
not so preferable for the architecture, which may be 
inevitable for the implementation, instruction bit pat- 
tern allocation and high speed execution of instruction. 
For example, a first halfword “IR” at LDATE and 
MULX corresponds thereto. 

Al10-1 Bit Allocation to Every Instruction Format 

Caution regarding Bit Allocation 

The data processor of the present invention is fairly 
different in addressing mode from each instruction, 
which should be checked. The bit pattern is allocated 
for easily distinguishing the allowable addressing mode 
in order to facilitate the check. An operand inhibitting 
the particular addressing mode is adapted to be clarified 
in principle only by a halfword including the operand. 

P-bit is separately placed in one-by-one every oper- 
and (except for the register direct specification and 
immediate specification) and as to the implied stack 
reference, which is represented by ‘P’ or ‘Q’ in the 
instruction pattern. 

However, when covered by the general instruction, 
the P-bit may not be placed in the instruction pattern at 
the abbreviation of the same instruction (only PUSH, 


15 


20 


25 


30 


40 


45 


35 


60 


65 


' 188 
POP and PUSHA do not have a P-bit for the stack 
reference). 

The instruction bit pattern freely usable by each 
maker is shown by LV reserved, which can be utilized 
as the instruction not released to the user for making an 
interface with, for example, ICE. 

The bit patterns 387 are shown in FIG. 360. 

A10-2 Regarding Detection of Reserved Instruction 
Exception 

The patterns shown by RIE in FIG. 360 are the re- 
served bit pattern for future expansion. When the in- 
struction bit pattern shown by RIE is executed, a re- 
served instruction exception occurs. Beside this, when 
the not-implemented option and size (inclusive of not- 
provided <<L2>>) are specified, an undefined op- 
tion is specified, the ‘—’ portion in the instruction bit 
pattern is made ‘1’, the ‘+’ portion in the instruction bit 
pattern is made ‘0’, the ‘P’ and ‘Q’ bits in the instructiion 
are made ‘1’, and the reserved condition (cccc) and 
termination condition (eeee) are specified, all the re- 
served instruction exceptions (RIE) occur. At present, 
except for exceptions LDATE and MULX or the like, 
all the instruction patterns are checked in principle as to 
the first to forth bytes, so that the pattern, when differ- 
ent, is treated as RIE. The fifth and sixth bytes are not 
checked so that the pattern, even if different, is not 
treated as an error. 

If the first HW includes a general addressing mode 
and, RIE is to be detected at second HW, the second 
HW is placed after the extension of Ea of the first HW. 
This bit pattern is indicated by {RIE-X}. Regarding the 
patterns expected to be provided with the future func- 
tion expansion and the patterns which may be different 
in operation from other makers’ chips, exception detec- 
tion should be especially carried out. 

The reason to prevent the error occurrence when 
such an instruction pattern is executed. Considering the 
above purpose, the priority of checking for the reserved 
instruction exception (RIE) is as follows: 





t High priority 

(The meaning is already decided) 
Specifiying the not-implemented <<L2> > function. 
Specifying the 64 bit size (PR, MM, WW, SS=11) 

(The possibility to be utilized for instruction expansion is high). 
Specifying the instruction pattern represented as RIE. 
‘+° of ‘+X’ in BVPAT to BVSCH. 
‘—’ of the second HW at the group of PSTLB to EXITD:G. 
Specifying P-bit. 

(Almost not-utilized for instruction expansion) 
T of the first HW’IR” at the group of LDATE to INDEX. 
‘+° of the second HW’+ W’ at the group of STATE to QINS. 
‘+’ of the first HW’+X’ at the group of PSTLB to 
EXITD:G. - 
*—’ of the second HW in ACB;R, SCB:R. 

| Low priority 





The bit pattern to be checked is as described in the 
aforesaid specification. However, in the future the de- 
tailed specification related to detection of the reserved 
instruction exception is adjusted on the basis of the 
above purpose so that the specification may be subject 
to change. 

In addition, it is not particularly ruled to start EIT 
when the instruction is read to a certain extent. Hence, 
even when only the first HW is apparent to start EIT, 
the instruction may be read up to the second HW. Also, 
when EIT is seen to start only by an ope-code portion 
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(the reserved instruction exception), it is allowable to 
process up to the Ea extension portion. 
A10-3 Index of Operand Field Name 388: shown in 
FIG. 361. 
A10-4 Bit Allocation of Addressing Mode 
Common Bit Pattern 





Regarding the size 








01: 16 bits 
10: 32 bits 
Hi: 64 bits 
Addressing Mode 
OO: @reg+ or the like 
01: 16 bit relative indirect mode 
10: 32 bit relative indirect mode 
H: additional mode 
Register Specification 
0 (particular) 
ol (SP) 
10 abs or 0 
il PC 
Additional Mode 
EI<RX>MS PXXD<d4> 
*—’ is e bit reserved to 0. 
*®<-RN>O* eeeceeees Rn is index. 
*__ol* ti ttens absence of index. 
bee | 1* e__e8808 PC is index. 
Scaling by XX > 00 is not 
available. 
Sosneese ***0<d4>: 4 bit displacement 
teseenee #90)_01: 1 bit displacement 
SRE REee #9*)_-10; 32 bit displacement 
seencsee see]—)}: 64 bit displacement 


The size specifying portion of <d4> and specifying 
portion of disp: 16, disp:32 of MISC mode are positioned 
at the same bit. 


Basic Mode 
POOO xxxx MISC P=0:SH 
0000-—s {RIE} 
000! {RIE} 
0010 {RIE} 
0011 {RIE} —@ads:64 
0100 @SP +(read:@SP +, write-illegal, rmw-illegal) 
0101: = =@—SP(read:illegal, write:@— SP, rmw:illegal) 
0110 = :{RIE} 
O11 {RIE} 
1000 {RIE} 
1001 :@ads:16 
1010 @ads:32 
1011 sabsolute additional mode 
1100 Imm(read @PC +, write:illegal, rmw-illegal) 
1101 2@(disp:16, PC) 
1110 : @(disp: 32, PC) 
itl : PC relative additional mode 
0001 <Rn> :Ro Sh 
1001 xxx {RIE} 
PO10 <Rn> @(disp:16, Rn) P=0:Sh 
POll <Rn> @Rn a P=0:Sh 
P100 <Rn> @(disp:32, Rn) 
P1101 <d4> @Xdisp:4 FP) <<L2>> 
P110 <Rn> Register relative additional mode 
Plll <d4> @(disp:4, SP) <<<L2>> 


For ***1**** pattern, the extension portion is not attached. 


When the undefined addressing mode is specified (in- 
cluding P-bit =1 in EA), the reserved instruction excep- 
tion (RIE) occurs. Concretely, RIE is provided in the 
case of following patterns: 
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Es] _ —ISh]__. 
0000 00t* oo oor 
0000 011° oO o1l* 
0000 1000 00 1000 
O10] **** (only when < <L2> > is not provided) 
O11) **** (only when <<L2> > is not provided) 
yee eens 


Even if the reserved pattern is specified in the additional 
mode, the reserved instruction exception (RIE) occurs. 
RIE also occurs in the following cases; 
<Rn>=40000,0001 at M=1; other than 
<d4>=40001,0010 at D=1; P=1; and XX=11. 

At a level in the additional mode, if the scaling other 
than X2, X4 and X8 is specified, an indefinite value is 
placed as a temporary value depending on the imple- 
mentation after the processing at that level. EIT is not 
provided. Also, when a <<2>>> instruction is not 
implemented and the additional mode of five levels or 
more is specified, the reserved instruction exception 
(RIE) occurs. (under adjustment in detail, and the re- 
served function exception may be provided). If an un- 
reasonable combination of addressing mode is specified 
{such as, JMP #imm-data, CMP#, #1), the reserved 
instruction exception (RIE) is provided. The case 
where combination of addressing mode not-executable 
due to the unprovided <<L2> > instruction is speci- 
fied, is included in the above (a bit field instruction for 
specifying the register is applicable thereto). 

A-10-5 Bit Allocation of Instruction Option 

In any case, the initial value (an option value of 0, 00 
...) provides the default at the assembler. 


ecee: Condition specification 1t Bec, TRAP/cc, 

eeee: Termination condition specification at the string 
instruction and QSCH instruction, 

Pq : P-bit specification (Q ... when necessary 
operands indicates plural operands for P bit) 

b: /F=0, /B=! (BSCH, BVSCH, BVMAP, BVCPY, SCMP, 
SMOV, QSCH), : 

fr: /F=0, /R=1 (SSCH), 

c: /N=0, /S=1 (CHK)—CHK, ‘c’ of change index value, 

a: /0=0, /1=1 (BSCH, BVSCH)— ‘d’ of data, 

m: /NM=0, /MR=1 (QSCH)— ‘m’ of mark, 

P: /AS=0, /SS=1 (PTLB, PSTLB, LDATE) 
—PTLB, ‘p’ of specific space, 

Att: /PT =000, /ST=001, /AT=110, {RIE} =010 to 101, 
111 (PSTLB, LDATE, STATE), 

XX: /LS=00, /CS=01, {RIE} =10,1K(LDCTX, STCTX). 


A10-6 Condition Specification (cccc) for Bcc and 
TRAP/cc Instructions 

The allocation 389 of cccc value is shown in FIG. 
362. 

A10-7 Termination Condition Specification (eeee) 

The allocation 390 of the ceee value is shown in FIG. 
363. 

In the <<L2>> termination conditions which 
have two conditions coupled with .or., M_Flag is used 
to indicate either one termination condition. The M_ 
Flag 391 is set when the condition 392 ends in compari- 
son with R4, which is concretely shown in FIG. 364. 

When the condition of M_flag = | is not satisfied and 
the termination condition other than the above ends, 
M-flag=0 is obtained. If the termination condition of 
<<L2>> is not implemented, M-flag=O is always 
obtained. 

A10-8 Operation Code of BVMAP Instruction 393 
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This is an operation code to be placed in the low 
order 4-bits at R51, which is shown in FIG. 365. 

A10-9 Addressing Mode Correspondence 394 

Corresponding of the operand at each instruction 
with the inhibited addressing mode is shown in FIG. 
366. For combination of mark O, the addressing mode 
thereof is usable. 

For combination of mark X, if it is executed, the 
reserved instruction exception (RIE) occurs. 


Appendix 11 Detail Specification of High Level 
Instructions and Register Values in End State 


In the instruction descriptions, the detail of high level 
instructions, and their register values upon completion, 
have not been completely described. They are summa- 
rized in the following 

All-1 Convention for Determining Specification of 
High Level Function Instructions 

In SMOV/B , SCMP/B, BYVMAP/B sand 
BVCPY/YV, there are two types of processes; one is the 
format of pre-decrement in accordance with @-SP, the 
other is the format of the post-decrement in accordance 
with SMOV/F and SSCH/R. While the area of H’100 
to H’Iff is transferred with SMOV/B.B, if SMOV/B is 
specified in pre-decrement, the initial value of the regis- 
ter becomes H’200. If SMOV/B is specified in post- 
decrement, the initial value of the register becomes 
H’1ff. 

Drawbacks of Post-Decrement 

The symmetry between SMOV/F and SMOV/B and 
that between SCMP/F and SCMP/B breaks down. For 
example, if SMOV/B is executed on the string which 
uses the area up to H’000000ff, while with SMOV/B.B., 
H’0OOOOOff is set as the initial value of the pointer. With 
SMOV/B.W, H’000000fc should be set as the initial 
value of the pointer. 

Drawbacks of Pre-Decrement 

The consistency of search instructions such as SSCH 
and BSCH breaks down. After the instruction is exe- 
cuted, if the last value of the pointer always points at an 
element which satisfies the termination condition (the 
element of the search result) because SSCH is used, the 
pre-update/post-update cannot be changed based on the 
process direction of /F, /B and /R. Thus, it is impossi- 
ble to pre-decrement only /B. (Although SSCH/B does 
not exist, it is similar to the specification of BSCH/B.) 

In the data processor of the present invention, the 
drawbacks of post-decrement should be thoroughly 
considered, so that SMOV/B and SCMP/B are speci- 
fied in the pre-decrement. 

There is another problem to be considered. There is 
some ambiquity as to whether SMOV, SCMP and 
SSCH termination conditions should end the instruction 
before or after the pointer is updated. 

Drawbacks of terminating the instruction before the 
pointer is updated 

If an instruction is terminated based on the element 
size, the pointer is updated and the instruction is termi- 
nated after the pointer points at the next element (in the 
case of /F, an element which is not processed), so that 
it does not conform to the specification. In other words, 
updating the pointer depends on whether the termina- 
tion condition is satisfied or not. Therefore, the specifi- 
cation becomes complicated and it is difficult to obtain 
a high speed implementation. 

If a search operation is successively performed after 
another search operation is satisfied, the pointer must be 
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updated before the second search is perform. It also 

applies to SMOV and SCMP. 

Drawbacks of terminating the instruction after the 
pointer is updated 

Since the pointer value changes from that of the ele- 
ment which satisfies the termination condition (search 
condition) after an instruction is executed, this type of 
specification is not simple for the SSCH instruction. It is 
also difficult to specify the BVSCH and BSCH instruc- 
tions. 

In the data processor of the present invention, the 
drawbacks of termination an instruction before the 
pointer is updated has been given much consideration. 
The specification is defined in such a manner that an 
instruction is terminated after the pointer is updated. 

Thus, after the SMOV/F, SCMP/F SSCH/F and 
SSCH/R instructions are terminated, the pointer points 
at the element following the element which satisfied the 
termination condition. Since the pointer is updated in 
the pre-decrement manner for the SMOV/B and 
SCMP/B instructions, after an instruction is completed, 
the pointer points at the element where the termination 
condition is satisfied. 

To match the specifications of BVMAP/B and 
BVCPY/B with those of SMOV/B and SSCMP/B, the 
maximum offset + 1 in the bit field.is specified by R1 and 
R4. 

Since it is convenient for BVSCH and BSCH that the 
bit offset after the execution of the instruction directly 
points at the bit to be searched, /F and /B should be 
specified in the same manner. Since the pointer for 
QSCH is structured in the pre-update manner, it differs 
from SSCH and BSCH in the pointer update timing. 
The search patterns of BSCH/F (BVSCH/F), SSCH/F 
and QSCH/F are summarized as follows. 

BSCH/F Search data starting from where te pointer 
currently points. After the search operation is com- 
pleted, the pointer points at the data that was 
searched. 

SSCH/F Search data starting from where the pointer 
currently points. After the search operation is com- 
pleted, the pointer points to the data following the 
searched data. 

QSCH/F Search the data following that where the 
pointer is pointing. After the search operation is com- 
pleted, the pointer points at the data that was 
searched. 

In a string instruction, the element number R2 is 
treated as an unsigned number. By considering R2 as an 
unsigned number and assigning R2=0 , the element 
number is interpreted as H’10000000 to prevent termi- 
nation. This function can be used for the strcmp func- 
tion in the C language. In the implementation, by con- 
sidering R2 as an unsigned number, the determination of 
termination by the number of elements becomes easy. 

On the other hand, the width of the bit field instruc- 
tion is treated as signed data irrespective of the fixed 
length bit field instructions and variable length bit field 
instructions. 

When executing a bit field instruction, its width is 
added to the offset; however, offset is signed data. If the 
width is unsigned data, a complicated situation such 
that a signed number is added to an unsigned number 
takes place. The element size of the string instruction is 
multiplied and then the result is added to the pointer, 
unsigned number is proper. 

If the width of a variable length bit field instruction is 
in the range from H’80000000 to H’fFffffif, the execution 
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of an instruction is affected by whether data is signed or 
unsigned. If the data is signed, the instruction is termi- 
nated by setting V_flag. If the data is unsigned, even if 
the width of the data is within the range, the bit field 
operation is conducted. However, while the content of 
width is in the range from H’80000000 to H’fffrrMMny, if the 
result of offset + width is treated as singed data, an over- 
flow already occurs. Even if the result of offset + width 
is treated as unsigned data (33-bit signed data), an over- 
flow occurs depending on the value of offset. Since it is 
defined so that if the result of offset+ width causes an 
overflow, the operation is not guaranteed. Even if the 
data is treated as unsigned data, the cases where the 
operation is not assured may increase. If the data is 
unsigned data and the operation of width > H’80000000 
is to be assured, the burden on hardware will increase. 

Since string instructions may be terminated by termi- 
nation conditions, it is possible to prevent them from 
getting terminated by the element size. To represent 
infinity (H’10000000) using ‘0’, it is necessary to treat 
the element size as unsigned data. Since there is no 
instruction termination element except the width for 
BVMAP and BVCPY, it is necessary to assign it a 
meaningful value. In this case, the rule where “the val- 
ues in the registers are treated as signed numbers” 
should be applied. 

Summary of Basic Rules for String Instructions and 
Variable Length Bit Field Instructions 

In search type instructions, the timing for updating 
the pointer does not depend on the direction where data 
is searched. 

In both /F and /B options of BSCH and BVSCH, 
after the search operation is completed, the pointer 
points at the bit which has been found. 

After the search operation is completed in both /F 
and /R options of SSCH, the pointer points at the ele- 
ment following that which is found. 

For instructions with the /F option, post-increment is 
performed; with the /B option, the pre-decrement is 
performed. 

This method applies to SMOV/ SCMP, BVMAP and 
BVCPY. Although SSTRA nd BVPAT have only the 
/F option, the same rule applies to them. 

In the string instructions, the element size is treated as 
unsigned data. If it is ‘0’, it represents H’10000000. In 
the variable length bit field instructions, width is treated 
as signed data. Only if the content of width is in the 
range from H’0000000! to H’ 7fffffff, is an actual bit field 
operation performed. 

Al1-2 Detailed Specification of String Instructions 

SMOV 

The operation of SMOV is summarized as follows. If 
the final result is the same, it is possible to change the 
following memory access order (it applieds to other 
high level instructions). If an incorrect option is used, 
the operation when option /F is used (if src<dest) and 
that when option /B is used (if src>dest) can differ as 
follows. 7 


{Operation of SMOV/F] 
O ==> V_fiag 
repeat 
R2~—1==> R2 
mem(RO} = => mem{R1} = => temp 
RO + size ==> RO 
R1 + siz ==> RI! 
compare temp with R3, R4 and set F_flag, M_flag 
according to ecee 
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-continued 
/* If the termination condition is 
satsified,F_flag is set to 1. */ 
if (F_flag = 1) then exit 
check_interrupt 
until (R2 = 0) 
| ==> V_flag 
[Operation of SMOV/B] __ 
O==> V_flag 
repeat 
R2 — 1 ==> R2 
RO — size ==> RO 
RI — size ==> RI 
mem[RO] ==> mem{1]= => temp 
compare temp! with R3, R4 and set F_flag, M_flag 
according to eece 
/* If the termination condition is 
satisfied, F_flag is set to 1. °/ 
if (F_flag = 1) then exit 
check interrupt 
unti] (R2 = 0) 
l1==> V_flag 


In SMOV, one or more elements are processed re- 
gardless of what the initial value of R2 is. The termina- 
tion factors of SMOV are summarized as follows. 

1. Termination by the number of elements (data) (R2) 

If an instruction is terminated by the number of ele- 

ments, V_flag is set to ‘]’. This case and the fol- 
lowing case do not occur at the same time. 
2. Termination by the termination condition 
When F_flag is set to 1, the elements where the 
termination condition is satisfied are also trans- 
ferred. 

SCMP 

SCMP may be terminated by mismatched data being 
compared, in addition to instruction terminations by the 
number of elements and by the termination condition. If 
the instruction is terminated by mismatch of two pieces 
of data in SCMP, as the instruction is terminated by the 
termination condition, after the pointer is updated, the 
instruction is terminated. It is possible to satisfy both the 
termination condition and the termination factor due to 
the mismatch of two pieces of data at the same time in 
SCMP. 

If SCMP is terminated by the number of elements, the 
next element is not compared. On the other hand, if the 
next element is mismatched or the termination condi- 
tion is satisfied, the instruction is terminated as V_ 
flag=1, F_flag =0 and Z_flag=1. 

If the final result is the same, the memory access 
order can be changed from the following order, i.e. 
only the equivalent operation is necessary. 


{Operation of SCMP/F] 
Oxx> V_fiag 
repeat 
R2Q-l==>kR2 
mem{RO] = = > temp! 
mem[R1] = => temp2 
RO + size ==> RO 
R1 + size ==> RI 
compare temp! with temp2 and set Z_flag, 
L_filag, 


, X flag 

/* If data is mismatched, Z_flag is set to 0. */ 

compare temp] with R3, R4 and set F_flag, 
M__flag according to eeee 

/* If the termination condition is satisfied, 
F_flag is set to 1. °/ 

if (F_flag = 1 .or. Z_flag = 0) then exit 

/* The instruction is terminated if the 

termination condition is satisfied or 

data is mismatched. 
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-continued -continued 
hace mem{R0} = = > temp 
writ a RO + R5 ==> RO 
1 ==> V_fiag ith R3, R4 and set F_flag, M_fla 
[Operation of SCMP/B) 3 eee oer tt pac ees eae 
O ==> V_flag /* If the termination condition is satisfied, 
repeat F_flag is set to 1. */ 
R2~—1==>R2 if (F_flag = 1) then exit 
RO — size ==> RO /* The instruction is terminated by the 
Ri ~ size ==> RI termination condition (search condition). */ 
mem[R0] ==> temp! 10 check_ interrupt 
mem[R1] = => temp2 unti] (R2 = 0) 
compare temp! with temp2 and set Z_flag, 1 ==> V_flag 
/* If data is mi hed on is set to 0. */ 
ta is mismatched, ig is set to 0. * 
eomepare: tema with RS RS mad ot Fg ng The termination factors of SSCH are summarized as 
according to ecee 15 follows 
/* If the termination condition is satisfied, : 
F__flag is set to 1. */ 1. Termination by the number of elements (data) (R2) 
if (F_flag = 1 .or. Z_flag = 0) then exit - V._flag is set to ‘1’. The cases 1 and 2 do not occur at 
/* The instruction is terminated if the thie kame Ge 
terminati dition is satisfied : 
data is zinuched = Bs */ 290 +2. Termination by termination condition (search con- 
reer aed dition) 
un = 4 “4? 
1 ==> V_flag ae I’, 
co ; . In SSTR, the status flags are not changed. The opera- 
oe factors of SCMP are summarized a8 95 tion of SSCH is summarized as follows. 
1. Termination by the number of elements (data) (R2) 
The status flags are set as follows. Z_flag=1, F_ [Operation of SSTR] 
flag =O and V_flag = 1. Cases 2 and 3 can not occur at repeat 
the same time as this one. 30 R2 —~1==> R2 
2. Termination by the termination condition R3 ==> min[R1] 
F_flag is set to ‘1’ and V_flag is set to ‘0’. The ele- RI + size ==> RI 
ments which satisfy the termination condition are also CR AMET TUDI 
' ‘i until (R2 = 0) 
compared. The result of comparison is sent to Z_flag, 
L_flag and X_flag. If the result is mismatched, it 35 : : 
means that the two termination factors 2 and 3 are satis- eae Register Values upon Completion of High 
fied at the same time. vel Instructions 
oe hala ation by mismatch of elements being com- If a high io ikea piel iaes iy pani in ves 
par processor of the present invention, when the instruction 
The comparison result of mismatched elements is set 49 is terminated, the value of each register changes as 
= Z—flag (=0), L_flag and X_flag. V_flag is set to sertia apie represents ae Neng 4 co st 
. ore the instruction is executed. In ition, en 
SSCH represents the value of register RX after the instruction 
If SSCH is terminated by the termination condition is executed. 
(search condition), in both options /F and /R, the 45 
pointer points at the element following that where the 
termination condition is satisfied. If SSCH is terminated (BVSCH} 
by the number of elements, the pointer points at the next If /F is used, the offset range from Rlinit to Rlinit + 
element after the instruction is executed. R2init — 1 is searched. = ~ 
The operation of SSCH is summarized as follows. 59 If /B ts used, the offset range from Rlinit to Rlinit — 
R2init + 1 is searched. 
If R2init(width) S 0, V_flag is set and the instruc- 
fo tion of SSCH/F] tion is terminated. However, R1 and R2 are not changed. 
O ==> V_fing 
sera oy 55 If the search operation is successfully terminated: 
pe hint pare RO (base address): Not changed 
RO + size ==> RO R1 (offset): Search result. Bit offset of the bit being 
compare temp with R3, R4 and set F_flag, M_flag found. 
be ce nas ait: ae LO eere R2 (width): Total bit field length. In short, in /F, R2i- 
F_flag is eettol.*/ = gg_-—Sswit+Rlinit—Rlinit—Rlend; in /B, R2init—- 
if (F_flag = 1) then exit R linit + R lend. 
/* The instruction is terminated by the ion i i A 
snition conbltion: tetaieb conditin’. */ ie the ante msseceatas oe terminated: 
check_interrupt (base ' 
until (R2 = 0) R1 (offset): Offset of the bit following that which is last 
l= Maries 65 searched. In short, in /F, Rlinit + R2init; in /B, R1i- 
Se a ame nit—R2init. This is the same as BSCH. 
ponds € R2 (width): 0 
R2—1==> R2 [BVMAP], [BVCPY] 
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If /F is used, the area with a bit offset of Rlinit to 
Rlinit + R2init — 1 becomes src; the area with a bit offset 
of R4init to R4init + R2init—1 becomes dest. 

If /B is used, the area with a bit offset of Rlinit—1 to 
Rlinit — R2init becomes src; the area with a bit offset to 
Ré4init — 1 to R4init— R2init becomes dest. 

If R2init (width)=0, the instruction is terminated, 
R1, R2 and R4 are changed. 

RO (src base): Not changed 

R1 (src offset): If /F is used, Rlinit+R2init; if /B is 
used, R linit — R2init 

R2 (width): 0 

R3 (dest base): Not changed 

R4 (dest offset): If /F is used, R4+ R2init; if /B is used, 

R4init — R2init. 

R5 (type of operation): Not changed (only for 

BVMAP) 

[BVPAT] 

The area with the bit offset of R4init to R4init+- 
R2init— 1 becomes dest. 

If R2init (width) $0, the instruction is terminated. R2 
and R4 are not changed. 

RO (pattern): Not changed 

R2 (width): 0 

R3 (dest base): Not changed 

R4 (dest offset): R4init + R2init 

R5 (type of operation): Not changed 

[SMOV] 

If /F is used, the area with the following addresses is 
src; 


ROinit to ROinit + R2init * element_size—1 
the area with the following addresses is dest; 


Rlinit to Riinit + R2init * element_size —1 


If /B is used, the area with the following addresses is 
STC; 


ROinit—1 to ROinit—R2init * element_size 
the area with the following addresses is dest; 


Rlinit~ 1 to Rlinit—R2init * element_size 


For example, when the string from H’0000 to H’OOff is 
transferred to H’0300 to H'03ff, if it is copied using 
SMOV/F.W, registers are as follows; 


RO= "0000, R1 =H'0300 and R2=H'0040 


It if is copied using SMOV/B.W, registers are as 
follows; 


RO=H’0100, Ri =H’0400 and R2 = H'0040. 


However, if the termination condition is satisfied, the 
process is canceled immedigtely. The data which satis- 
fies where the termination condition is transferred to 
dest. : 

If the instruction is terminated by the number of ele- 
ments (V_flag = 1): 

RO (src address): If /F is used, ROinit + R2init * element 
size. If /B is used, ROinit— R2init * element—size 
R1 (dest address): If /F is used, Rlinit+R2init * ele- 

ment size. If /B is used, Rlinit—R2init * element— 
size. 
R2 (number of elements): 0 
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R3 (termination condition 1): Not changed 

R4 (termination condition 2): Not changed 
If the instruction is terminated because the termina- 

tion condition has been satisfied (F_flag = 1): 

RO (src address): If /F is used, the address of the ele- 
ment following that of src where the termination 
condition is satisfied. 

If /B is used, the address of the element of src where the 
termination condition is satisfied. 

R1 (dest address): If /F is used, the address of dest 
where the element following the src which satisfied 
the termination condition should be transferred. 

If /B is used, the address of dest where the element of 
src which satisfied the termination condition should 
be transferred. 

With both /F and /B, Rlinit + ROend — ROinit. 

R2 (number of elements): The number of elements 
which has not transferred. 

If /F is used, R2init —(ROend — ROinit)/element_size. 

If /B is used, R2init -(ROinit — ROend)/element—size. 

R3 (termination condition 1): Not changed 

R4 (termination condition 2): Not changed 
[SCMP] 

If /F is used, the area with the following addresses is 
srcl; 


ROinit to ROimit+R2init * element—size — 1 
the area with the following address is src2; 
Rlinit to Rlinit + R2init * element_size —! 


If /B is used, the area with the following addresses is 
srcl; 


ROinit—1 to ROinit—R2init * element_size 
the area with the following addresses is src2; 
Rlinit—1 to Rlinit—R2init * element_size 


For example, If SCMP/F.W is used to compare the 
string of H’0000 to H’0Off with that of H’0300 to H’03ff, 
registers are as follows; 


RO=H'0000, R! =H'0300, and R2 = H’'0040 


When they are compared using SCMP/B.W, registers 
are as follows; 


RO=H’'0100, R1 = H’0400, and R2=H"0040 


However, if the termination condition is satisfied, the 
process is canceled midway. When the termination 
condition is satisfied, the elements are compared and the 
result is set to L_flag, X_flag and Z flag: In addition, 
if a mismatched element is found during the comparison 
operation, the process is canceled midway. 

If the instruction is terminated by the number of ele- 

ments (V_flag = 1): 

RO (src! address): If /F is used, ROinit+R2init * ele- 
ment size; if /B is used, ROinit—R2init * element 
size. 

However, if R2init <0, it is not changed. 

R1 (src2 address): If /F is used, Rlinit+ R2init * ele- 
ment size; if /B is used, Rlinit—R2init * element. 
size. 

R2 (number of elements): 0 

R3 (termination condition 1): Not changed 
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R4 (termination condition 2): Not changed 
If the instruction is terminated because the termina- 
tion condition has been satisfied or because there is a 
mismatch of the element value (F_flag=1 .or. Z_— 
flag =0): 


RO (srci address): If /F is used, the address of the 
element following the src! where the 
termination condition is satisfied (or 
by mismatch). 

If /B is used, the address of the ele- 
ment of scr] where the termination 
condition is satisfied (or by mis- 
match). 

If /F is used, the address of the 
element of src2 which correspond to 
the element following the srcl where 
the termination condition is sat- 
isfied (or by mismatch). 

If /B is used, the address of the ele- 
ment of src2 which corresponds to 
the src! where the termination con- 
dition is satisfied (or by mismatch). 
With both /F and /B, Rlinit + 
ROend — ROinit. 

The number of elements which are 
not compared. 

Mf /F is used, R2 init — (ROend — 
ROinit)/element_size; if /B is 

used, R2 init — (ROinit — 
ROend)/element__size. 


RI (sre2 address): 


R2 (number of elements): 


R3 (termination condition 1): Not changed 
R4 (termination condition 2): Not changed 

{[SSCH] 

The area with the following addresses is searched if 
/F is used; 


ROinit to ROinit + R2init * element_size — 1 


The area with the following addresses is searched every 
RS, if /R is used; 


ROinit to ROinit+R5 * R2init—1 


However, if the termination (search) condition is satis- 

fied, the process is canceled midway. 

If the instruction is terminated by the number of ele- 

ments (V_flag = 1): 

RO (src address): If /F is used, ROinit + R2init * elemen- 
t_size; if /R is used, ROinit-+ R2init * RS R2 (number 
of elements): 0 

R3 (termination condition 1): Not changed 

R4 (termination condition 2): Not changed 

R5 | (pointer update value): Not changed 
If the instruction is terminated by satisfying the termi- 

nation (search) condition (F_flag = 1): 

RO (src address): The address of the element following 
the src which satisfies the termination condition 

R2 (number of elements): Number of elements which 
have not been searched. If /F is used, R2init —(- 
ROend —ROinit)/element_size. If /R is used, R2i- 
nit —(ROend — ROinit)/R5 

R3 (termination condition 1): Not changed 

R4 (termination condition 2): Not changed 

R5 (pointer update value): Not changed 
{[SSTR] 
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Unlike other instructions, the termination condition is 
not assigned. In addition, the flags are not set. If R2init 
(width) =0, the instruction is immediately terminated. 
R1 and R2 are not changed. 
R1 (dest address): Rlinit-+R2init * element size 
R2 (number of elements): 0 
R3 (write data): Not changed 
[QSCH] 
If the instruction is terminated by the queue termina- 
tion value (R2) (V_-flag = 1): 
RO (entry address): R2init 
R1 (previous entry): The address of the entry just be- 
fore (in the case of /F) or just after (in the case of /B) 
the entry represented with ROend. 
R2 (queue termination value): Not changed 
R3 (termination condition 1): Not changed 
R4 (termination condition 2): Not changed 
RS (offset): Not changed 
R6 (mask): Not changed 
If the instruction is terminated because the termina- 
tion condition (search condition) has been satisfied (F__ 
flag = 1): 
RO (entry address): The address of the queue entry 
because the termination condition has been satisfied. 
R1 (previous entry): The address of the entry just be- 
fore the entry (in the case of /F) represented by 
ROend or just after the entry (in the case of /B) repre- 
sented with ROend. 
R2 (queue termination value): Not changed 
R3 (termination condition 1): Not changed 
R4 (termination condition 2): Not changed 
R5 (offset): Not changed 
R6 (mask): Not changed 
As this invention may be embodied in several forms 
without departing from the spirit of essential character- 
istics thereof, the present embodiment is therefore illus- 
trative and not restrictive, since the scope of the inven- 
tion is defined by the appended claims rather than by 
the description preceding them, and all changes that fall 
within the meets and bounds of the claims, or equiva- 
lence of such meets and bounds thereof are therefore 
intended to be embraced by the claims. 
What is claimed is: 
1. In a data processor for processing data according 


5 to a program which includes a plurality of executable 
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Data which is assigned by R3 is repeatedly written to ; 
5 


the area with the following address; 


Rlinit to Rlinit + R2init * element_size —1 


instructions, the data processor having a plurality of 
registers, apparatus for storing information comprising: 
a first portion of byte-addressable memory for storing 
data and programs, at least some of the byte- 
addresses for said first portion of byte-addressable 
memory forming a first address space in which 
programs and data are mapped, each address in 
said first address space is either an operand address 
or an instruction address of at least one of said 
plurality of instructions; and 
a second portion of byte-addressable memory, at least 
some of the byte-addresses for said second portion 
forming a second address space different from said 
first address space, at least some addresses of said 
second address space being addresses which also 
occur in said first address space, wherein at least a 
first of said registers has a byte address, said first 
register being mapped by said byte address to said 
second address space such that said first register is 
accessible using a second instruction which has an 
operand address in said second address space, said 
byte address of said first register in said second 
address space being identical to said operand ad- 
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dress or instruction address of said one of said in- 
structions in said first address space 
whereby said data processor accesses said operand 
address or said instruction address in said first ad- 
dress space by executing said one of said instruc- 
tions having said operand address or said instruc- 
tion address in said first address space; and 
whereby said data processor accesses said first regis- 
ter in said second address space by executing said 


second instruction having said operand address in 10 


said second address space. 

2. The apparatus as set forth in claim 1, wherein: 

at least one of said plurality of instructions is an in- 
struction to save a context of said data processor 
into said second address space; and 1 

at least one of said plurality of instructions is an in- 
struction to restore a context from said second 
address space. 

3. The apparatus as claimed in claim 2, wherein said 
context includes the contents of at least a first of said 
registers. 

4. The apparatus as set forth in claim 1, wherein said 
first register is mapped to a first address in said second 
address space and wherein said first register comprises a 
plurality of independent fields, at least one of said inde- 
pendent fields of said first register being mapped to a 
second address in said second address space different 
from said first address of said first register. 

5. The apparatus as claimed in claim 1, wherein all of 3 
said plurality of registers are mapped to said second 
address space. 

6. Apparatus, as claimed in claim 1, wherein substan- 
tially all addresses in said second space occur in said 
first address space. 

7. In a data processing system for processing data 
according to a program which includes a plurality of 
executable instructions, the data processing system hav- 
ing a main processor and a co-processor, said main 
processor having at least a first associated register and 
said co-processor having at least a second associated 
Tegister, apparatus for storing information, comprising: 

a first portion of byte-addressable memory for storing 

data and programs, at least some of the byte ad- 
dresses for said first portion of byte-addressable 
memory forming a first address space, each address 
in said first address space is either an operand ad- 
dress or an instruction address of at least one of said 
plurality of instructions; and 

a second portion of byte-addressable memory, at least 

some of the byte addresses for said second portion 
of byte-addressable memory forming a second ad- 
dress space, different from said first address space, 
at least some addresses of said second address space 
being addresses which also occur in said first ad- 
dress space, at least said first register associated 
with said main processor having a first byte address 
and said second register associated with said co- 
processor having a second byte address, said first 
and second registers being mapped to said second 
address space by said first and second byte ad- 
dresses, said first and second registers being acces- 
sible using a respective second of said plurality of 
instructions which has an operand address in said 
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respective one of said plurality of instructions in 
said first address space 
whereby said main processor and said co-processor 
access a respective said operand address or said 
instruction address in said first address space by 
executing said respective one of said plurality of 
instructions having said operand address or said 
instruction address in said first address space; and 

whereby said main processor and said co-processor 
access said first and second registers in said second 
address space by executing said respective second 
of said plurality of instructions having said operand 
address in said second address space. 

8. In a data processor for processing data according 
to a program which includes a plurality of executable 
instructions, apparatus for storing information compris- 
ing: : 
a first portion of byte-addressable memory for storing 

data and programs, at least some of the byte- 
addresses for said first portion of byte-addressable 
memory forming a first address space in which 
programs and data are mapped, each address in 
said first address space is either an operand address 
or an instruction address of at least a first of said 
plurality of instructions; 

asecond portion of byte-addressable memory, at least 

some of the byte-addresses for said second portion 
forming a second address space different from said 
first address space, at least some addresses of said 
second address space being addresses which also 
occur in said first address space; 

the data processor executing at least a first of said 

plurality of instructions to save a context of said 
data processor into said second address space; 

the data processor executing at least a second of said 

plurality of instructions, different from said first 
instruction, to restore said context from said sec- 
ond address space; 

the data processor executing at least a third of said 

plurality of instructions, different from said first 
instruction, to save a context of said data processor 
into said first address space; and 

the data processor executing at least a fourth of said 

plurality of instructions, different from said second 
instruction, to restore said context from said first 
address space. 

9. The apparatus as set forth in claim 8, further com- 
prising: 

register means for specifying a format for storage of 

said context. 
10. The apparatus as claimed in claim 8, further com- 
prising: 
means for specifying a format from among at least 
three formats for storage of a context block; 

wherein said first instruction is an instruction to save 
a context according to the format specified in said 
means for specifying a format; and 

wherein said second instruction is an instruction to 

restore a context according to the format specified 
in said means for specifying a format. 

11. In a data processor for processing data according 
to a program which includes a plurality of executable 
instructions, including instructions for saving and re- 
storing a context, apparatus for storing information 


second address space, at least one of said first and 65 comprising: 


second byte addresses of said first and second regis- 
ters in said second address space being identical to 
said operand address or instruction address of a 


a first portion of byte-addressable memory for storing 
data and programs, at least some of the byte- 
addresses for said first portion of byte-addressable 
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memory forming a first address space in which 
programs and data are mapped, each address in 
said first address is space is either an operand ad- 
dress or an instruction address of at least a first of 
said plurality of instructions; 

a second portion of byte-addressable memory, at least 
some of the byte addresses for said second portion 
forming a second address space different from said 
first address space, at least some addresses of said 
second address space being addresses which also 
occur in said first address space, said second ad- 
dress space being accessible using said instructions 
for saving and restoring a context; 

means for specifying into which address space a con- 
text block is to be stored according to one of said 
plurality of instructions; 

the data processor executing at least a first of said 
plurality of instructions to save the context of a 
process into said address space specified by said 
means for specifying; and 

the data processor executing at least a second of said 
plurality of instructions, different from said first 
instruction, to restore said context from the address 
space specified by said means for specifying. 

12. In a data processor for processing data according 
to a program which includes a plurality of executable 
instructions, the data processor having a plurality of 
registers, a method for storing information comprising: 

providing a first portion of byte-addressable memory 
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addressable by a plurality of byte addresses at least 
some of the byte addresses for said first portion of 
byte-addressable memory forming a first address 
space; 

executing at least one of said instructions, stored at an 
instruction address and having an operand address 
in said first address space; 

providing a second portion of byte-addressable mem- 
ory, at least some of the byte addresses for said 
second portion of byte-addressable memory form- 
ing a second address space, different from said first 
address space, at least some addresses of said sec- 
ond address space being addresses which occur in 
said first address space, at least said first register 
associated with said main processor having a first 
byte address and said second register associated 
with said co-processor having a second byte ad- 
dress, said first and second registers being mapped 
to said second address space by said first and sec- 
ond byte addresses; 

accessing at least one of said first and second registers 
by executing a second of said plurality of instruc- 
tions having an operand address in said second 
address space, the byte address of said one register 
in said second address space being identical to said 
operand address or instruction address of said one 
of said instructions in said first address space. 

15. In a data processor for processing data according 

to a program which includes a plurality of executable 


for storing data and instructions, at least some of 30 instructions, including instructions for saving and re- 


the byte-addresses for said first portion of byte- 
addressable memory forming a first address space 
in which data and instructions are mapped; 

accessing at least a first address in said first address 
space by executing at least one of said instructions 
having an operand address in said first address 
space; 

providing a second portion of byte-addressable mem- 

ory, at least some of the byte-addresses for said 
second portion forming a second address space 
different from said first address space wherein at 
least a first of said registers is mapped by a byte 
address to said second address, at least some ad- 
dresses of said second address space being ad- 
dresses which also occur in said first address space; 
and 

accessing said first register by executing a second of 

said instructions having an operand address in said 
second address space, said address of said first reg- 
ister in said second address space being identical to 
a data address or instruction address of said at least 
one instruction in said first address space. 

13. The method as set forth in claim 12, further com- 
prising: 

executing an instruction to save a context in said data 

processor into said second address space; and 
executing an instruction to restore a context from said 
second address space. . 

14. In a data processing system for processing data 
according to a program, which includes a plurality of 
executable instructions, the data processing system hav- 
ing a main processor and a co-processor, said main 
processor having at least a first associated register and 
said co-processor having at least a second associated 
register, a method for storing information, comprising: 

providing a first portion of byte-addressable memory 

for storing data and programs, said byte-addressa- 
ble memory having a plurality of storage locations 
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storing a context, a method for storing information 
comprising: 
providing a first portion of byte-addressable memory 
for storing data and programs, at least some of the 
byte-addresses for said first portion of byte- 
addressable memory forming a first address space 
in which data and programs are mapped, each 
address in said first address space is either being 
usable as an operand address or an instruction ad- 
dress of at least a first of said plurality of instruc- 
tions; 
providing a second portion of byte-addressable mem- 
ory, at least some of the byte-addresses for said 
second portion forming a second address space 
different from said first address space, said second 
address space being accessible using said instruc- 
tions for saving and restoring a context, at least 
some addresses of said second address space being 
addresses which also occur in said first address 
space; 
specifying, in a first of said plurality of instructions, 
into which address space a context block is to be 
stored; 
saving the context of a process into said specified 
address space in response to said first instruction; 
and 
restoring said context from the specified address 
space in response to a second instruction, different 
from said first instruction. 
16. The method as claimed in claim 15, further com- 
prising: 
specifying a format from among at least three formats 
for storage of a context block; 
wherein said step of saving includes saving a context 
according to said specified format; and 
wherein said step of restoring includes restoring a 


context according to said specified format. 
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